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East Coast Section of the Royal Institute of penactoone was held at 6.30 p.m. on my i 7 
November 23rd, 1960, in the Chemistry Department, King’s College, Newcastle upon Tyne, 1. o _ 
The Chair was taken by the Chairman of the Newcastle ‘upon Tyne | and North East Coast — = 
‘The following paper was presented and “The Changing Aspect | of Chemical 


following paper was presented and discussed: 

Some Elements i in H. Pritchard, M.Sc., F.R.IC. 


Sy 
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g 
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2 
AN Ordinary Meeting of the Section was held at 2.15 p.m. on Saturday, December 3rd, 
enbytheChairman 
a the Estimation of 


A JomnT Meeting of the mesial Section and the Cardiff and District Sections of the Royall 
4 Institute of Chemistry was held at 7 p.m. on Wednesday, December 7th, 1960, at the College 
of Technology, Allt-yr-yn, Newport. The Chair was taken by the Chairman of the Weste 
following paper was presented and discussed: in Relation 


Meeting of the Section was h held at 6.30 p.m .m. on Tuesday, 13th, 1960, 
in the Sale Room, Regent House, St. Philip’s Place, Birmingham, 3. The Chair was taken 

: byt the Chairman of the Section, Dr. S. H. Jenkins, F.R.I. C., iva OE 

following paper was and discussed: “The of in 
Industry,” by K. B. Coates. 


An Ordinary of the | was held at 7 on They December “1960, 


The following paper was presented and discussed: “The of the Analytical 


MICROCHEMISTRY GROUP > 2485 BORc 
THe twenty- aneiaile London Discussion Meeting of the Group was held at 6.30 p.m. on app 
December 1960, at ‘‘The Feathers,’ Street, London, E.C.4. The sim} 


rout 


the 


Tue Sixteenth Annual General Meeting of the Group was held at 6.30 p.m. on Tuesday,§P)° 


_ November 22nd, 1960, in the Meeting Room of the Chemical Society, Burlington House, 
London, W.1. The Chair was taken by the Chairman of the Group, Dr. G. W. C. Milner, 
F.R.LC., A.Inst.P. _ The following appoin‘: ents were made for the ensuing year: Chairman 

G. W.C. Milner. Vice- -Chairman—} W. Cule Davies. Hon. Secretary and Treasurer 
-—Dr. T. L. Parkinson, Product Research Division, Beecham Foods Ltd., Beecham House,§ 
| Great West Road, Brentford, Middlesex. Members of Committee—Messrs. J. Allen , T. R. 

- Andrew, A. T. S. Babb, D. R. Curry and H. Liebmann. Dr. D. C. Garratt and Mr. C. A. 
‘Bassett were re-appointed as Honorary Auditors, 
_ The Annual General Meeting was followed at 6.4 45 p.r p.m. by the Seventy-fourth Ordinary 7 
Meeting of the Group. Dr. G. W. C. Milner, F.R.I.C., A.Inst. in the Chair and 

_ Subject of the meeting was “‘Atomic Absorption Spectroscopy.” The following papers were 
_ presented and discussed: ‘Some Factors Affecting Performance in Atomic Absorption Spectro- 
scopy,” by R. Lockyer, B.Sc., F.R.1.C.; “The Flame as a Source of Atoms,” by C. A. Baker, 
7 MA, D. Phil. ; “The Application of Atomic weRD Spectrophotometry to Metallurgical 
‘ Analysis,” by W. T. Elwell, F.R.L C., J. A. B. Sc., A.Inst.P. (for 
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ORGANIC mens analysis has been virtually revolutionised in the past 5 years by the 


M. G. MACDONALD a 
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Apparatus and general method 
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application of the oxygen flask method of decomposing organic materials. For rapidity and © a 
simplicity the method could scarcely be bettered, and one of its principal attractions for % 13 
routine work is that untrained technicians can obtain excellent results after little coma BP 33 
The technique has had a rather chequered history in that it was examined on several occasions - a: 
at the turn of the century, but was then almost forgotten until its revival in 1955. Since _ 

then, a large and in some respects unnecessary amount of literature has accumulated until, __ 

at the present time, numerous procedures are available for determining halogens, en: 
arsenic, carbon, boron and several metals in organic: materials. 


HISTORY OF ‘THE METHOD weston 


<é 1992, Hempel* introduced the technique for the macro- amninen of sulphur in 


coals and organic materials as an improvement on the Berthelot bomb method. The sample 
vas placed in a platinum-gauze basket suspended from the stopper of a 10-litre flask and was 7 a 


‘ignited by means of an electrical current after the flask had been filled with oxygen; aay m 


Mirst to realise that filter-paper or cotton thread provides an excellent fuse, whether ignition — » = 
Bs initiated electrically after the flask has been sealed or in a flame before the stopper is ~ Pr 


he sulphate formed by oxidation with bromine water was determined gravimetrically as a 


he barium salt. Graefe? modified Hempel’ s method slightly and seems to have been the a 


inserted. In 1910, the technique was used for determining halogens by Marcusson and — 
gDdscher,? who applied gravimetric finish‘ as silver halide. Twelve ‘years later, Vototek 
uggested that, for the determination of chlorine, a titrimetric finish with mercuric nitrate _ 
jfolution in presence of sodium nitroprusside indicator would be more suitable, and there 

he matter rested for 30 years. Other early applications included determinations of fluorine ne 
1 gases (see p. 8) and traces of ‘sulphur i 

| Mikl and Pech® resuscitated the procedure for the semi-micro ‘determination of halogens — 
= sulphur for routine control purposes with a mercurimetric or alkalimetric finish. Prazdk, 
iBenc and Bartusek® used a polarographic fir finish for the routine semi- -micro citadel of Ba 

_ Schéniger? then examined the combustion method for micro- diate i showed that 7 
results as accurate as those of the conventional methods could be obtained. His procedures 
are described, together with later developments, in the subsequent sections. — ” ‘The combustion — 
procedure has become known, particularly in American papers, as the Schéniger method, - 


nethod; the latter designation is therefore used here 
of this review paper will be shortly. For details, please see 80. 
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“Apparatus AND GENERAL METHOD 


an gauze, which acts as a to the sample container om Fig. 1 a). 

The sample is weighed on to a piece of filter-paper (Fig. 1 6), which is carefully folded and 

F then clamped, with the fuse protruding, into the gauze, which has been previously heated 

_ to ensure complete dryness and then cooled. _ The flask is then charged with a suitable 

_ absorption solution and flushed with a fast flow of oxygen for a few seconds. The fuse is 

a ignited in a flame, and the stopper is immediately inserted into the flask, which is simul- 
_ taneously inverted so that the absorption solution forms a seal round the stopper. Com- 

_ bustion is | is complete in a few seconds, and the pressure exerted makes it essential to hold 


‘Fig. 1. 


the stopper and flask firmly together. er. The flask is then shaken for sini 10 minutes, or} 
for 3 or 4 minutes after the cloud of combustion products seems to have disappeared (alter- 
natively, it can be left on the bench for upwards raf 1 hour) to ensure complete absorption. 
_After the combustion, the pressure in the flask rapidly drops, owing to absorption of carbon 

7 dioxide. _ The stopper is removed and rinsed, together with the gauze and wire; the solution 
is then ready for analysis by some suitable method. = = —— | ne a 
_ The shape of the flask or bottle does not matter very much so long as combustion can 
w= proceed without the flame touching glass. _ The size used depends on the amount of sample 
taken for the analysis. A 250- or 309-ml Erlenmeyer flask is satisfactory for the combustion of 
up to 25 mg of sample, a 500-ml fiask for up to 50 or 60 mg’ and a 1-litre flask for up to 
about 150 mg. e larger the flask, the larger the amount of material that can be com- 
_ pletely burned. Some workers prefer to use an iodine flask instead of an ordinary Erlenmeyer} 
flask. Combustion may also be carried out in a separating funnel, which is advantageous 


if the solution has to be transferred for the final determination (personal communication 


_ The length of the platinum wire depends on the size of the flask and should be adjusted 
so that the sample is situated at or near the centre of the flask during combustion. The 
_ simplest arrangement can be constructed from a standard- joint air-leak cut to the appropriate 
length, into which 4 to 5 cm of platinum wire are sealed. This economises in platinum and 
gives to the assembly a rigidity not obtained when a longer piece of wire is fused into a flask 
stopper. _ The wire should be strong enough to withstand much shaking and heating; wire 
of 0-5 to 1 mm diameter is suitable. 
__ The mesh of the platinum gauze should be such that oxygen is allowed free access to 
4 the sample, although no unburned particles can drop through it; the wire of the mesh should 
not b be so thick a much heat i is removed from | the combustion zone. Commercially ; available 
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_- § 36-mesh gauze is suitable for general purposes. For micro- -analysis, an oblong of gauze, | = 


15cm x 3m, spot welded to the wire along the central line suffices for the sample support; _ 


iched 


a), @ the gauz 
l and 
eated 
table 


has been used as sample support i in ‘the fens of oils.° Archer™ places the pastel on a 
platinum-foil platform supported by glass rods, but has ocasionally obtained residues of © 
carbon, which indicate incomplete decomposition. Such residues (and low results) often a 

occur when the hot flames touch cold mi sou 
_ Filter-paper is generally used to contain the sample and is satisfactory for all solid 
materials. Suitable papers of low ash content are Schleicher and Schull No. 589° or 15757 Fa 


or Whatman No. or 54. micro- a square side 2- to 3 cm with a fuse 


; coal than filter- -paper, and variable blanks are obtained in some methods; Rizla rice-paper 
I} seems to have the smallest ash content and the most consistent blank values.® + ~Very thin a 
polythene sheeting® or cellulose sheeting is an excellent substitute for filter-paper, which 
is, however, satisfactory for routine work. A cup with tabs cut from a Whatman 10- ae 
3 x 50-mm extraction thimble is suitable for holding about 100 mg of oils.® Ps 

Containers for liquid samples have been a source of controversy. Schéniger’ weighed — 


oe liquids of boiling-point greater than 100°C in glass capillaries blown out to a thin-walled _ 
“ae bulb in the middle, which were then wrapped in paper and crushed just before the ignition. 
fj Bennewitz?* claims that the heat of combustion serves to burst the thin bulb and that volatile fl 
aa liquids of boiling- -point 63° C can be analysed in this way. However, there is some danger E 
__ §j of unburnt material remaining in the capillary, hence most workers have preferred an organic 
container. Gelatin capsules are suitable for most liquids boiling above 100°C, and those 
made by Parke, Davis and Co. Ltd. (size No. 5) give small and constant, or negligible, blanks: a 
in all determinations. Methylcellulose capsules are also usefull. 
a. Liquids of lower boiling- point, e.g., carbon tetrachloride or disulphide, can be burne? 
effectively in containers made from adhesive cellulose tape with a filter-paper lining™- nd 7 
the tape is formed into a small pocket, the sample is injected on to the inner paper, and 
the pocket is then sealed and re-weighed. Kirsten’® analysed similar liquids in capillaries | 
made from polyethylene surgical tubing of outer diameter 1-14 mm containing a little cotton-_ 
wool; after the sample has been injected, the tube is sealed with the aid of a soldering iron — 
lightly greased with silicone grease. In both these methods, a ‘Paper fuse is attached to the - 
A few workers have preferred to use , electrical i ignition pete: in which the paper fuse 
of the sample container is ignited by means of a small heating coil®-1* or a firing spark from 
an H.F. Tester? after the apparatus has been put together. _ This is reputed to have = 
advantages that thermally unstable compounds can be ignited in an enclosed system and > 
that combustion can be initiated by remote control from behind a safety screen. However, ,. 
if the ignition is properly begun by the usual method, no heat reaches the sample until the | 
stopper has been inserted; and, although several authors have recommended the use of a 
safety screen, any report of an actual explosion has yet to appear, despite the fact that a very 
large number of these combustions must have been done by now. The combustion of samples _ 
can certainly be spectacular, but the operation is quite safe, even in wholly inexperienced _— 
hands. It seems that the only real utility of electrical ignition lies in the determination of _ 
carbon (see p. 10), for which it is essential to ignite ms sample alone; rarities neil 


— 


4 


of of the of combustion and the procedures for 
completion are reviewed for each of the elements so far determined. nara STFS 

No ‘peculiar difficulty is found in the combustion of chlorinated Mikl and 


Pech® suggest containing lit little hydrogen can be advantageously 1 mixed 


etals are not recommended for use in place of platinum, which seems to exert a _ _ a at 
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observe scrupulous precautions against the introduction of chloride from the fingers, and ] 
2h early semi-micro methods*5.* water alone was used as absorbent, but Schéniger’ § 
found it necessary to use 10 ml of approximately 0-2.N potassium or sodium hydroxide 
‘with 3 drops of hydrogen peroxide for complete absorption on the micro scale. Most workers 
have followed these recommendations, but others!-17 have preferred an alkaline bisulphite 
_ solution ; an ammoniacal peroxide solution has also been used.1® A wide variety of materials 
can be analysed satisfactorily on the micro scale after absorption of the products of com-_ 

= in dilute hydrogen peroxide (4 to 5 drops of 100-volume solution in 10 ml of water) ; 
a proportional increase in amounts is necessary for semi-micro work.* This has the 
ebvwnege that an alkalimetric titration is applicable if no other acid-forming element is 
present and that it is much simpler to neutralise the solution or remove | carbon | dioxide if 


such steps are required in the subsequent analysis. It seems unnecessary even to have 
_ peroxide present ; its purpose is to reduce any chlorine or hypochlorite formed, but such forma- 
tion is improbable because of the large amount of hydrogen available for forming hydrogen. 
chloride from the combustion of the paper. Satisfactory results are readily obtained on the 
micro scale after absorption in water alone (personal communication from Mr. P. Gouverneur, 
Koninklijke - Shell Laboratorium, Amsterdam, The Netherlands). Corner finds it necessary 
to add carbon to the alkaline absorption solution.” _ Kirsten’ recommends absorption in 


4 ml of water, 1 ml of 5 N acetic acid and 1 ml of 2-5 per c cent. sodium nitrite solution for 


methods of completion have been. proposed in the literature. Schéniger? uses 


the Viebéck titration involving mercuric oxycyanide; a modified comparison 1 titration” based 
on the same reaction gives more successful results. Direct | argentimetric titrations with 
Variamine blue or dichlorofluorescein* as indicator and the indirect Volhard method™ J 
have been applied. Titration with 0-004 N silver nitrate in non-aqueous media in presence 
dithizone as has been reported.™ _ Potentiometric end-point detection has been 


ions is also A method has been for the routine 
_ of vinyl chloride polymers.® | Lysyj** has applied a | spectrophotometric method based on the 


of chloride with 1 merc ric chi oranilate. 
Tea ion uric chi ila 


Instrumental finishes involving s transference of the absorption solution, as do all the 
pe sn mentioned above, remove one of the attractions of the original oxygen flask 
‘method, i.e., the absolute exclusion of possible losses by transference of solutions. It will 
remain a matter of opinion whether greater personal error arises from transference or from 
—_ _ the detection of visual titration end-points. The visual argentimetric end-points are poor 
on the micro scale, and there has been a revived interest in direct mercurimetric titrations. 

‘Diphenylcarbazide® and diphenylcarbazone** have been used as indicators with 0-05 N and 
_ @-01 N mercuric nitrate or perchlorate as titrant in aqueous media. Cheng?’ suggests that 
_ the titration in the presence of diphenylcarbazone can beneficially be carried out in 80 per 


_ which is to be recommended, involves absorption in alkaline peroxide solution, rinsing with 
- 10 ml of water, removal of peroxide by boiling, addition of 80 to 100 ml of ethanol or iso- 
_ propanol, neutralisation with 0-5 .N nitric acid to bromophenol blue indicator and addition 

_ of 1 ml of acid in excess to give a pH of 3-5; 15 drops of ethanolic 0-5 per cent. _ diphenyl- 
_ carbazone solution are added, and the solution is titrated with 0-01 M mercuric nitrate in 
aqueous 0-005 N nitric acid. A shorter and also satisfactory procedure i is to absorb in aqueous 
_ peroxide solution, rinse the stopper and gauze, add 40 ml of alcohol and then indicator 
and titrate immediately*; removal of peroxide is not necessary in mercurimetric methods, 
_ _ and the amount of acid formed in the combustion of most organic compounds is sufficient 
_ to give a suitable pH. Both these titrations are non-stoicheiometric, but are satisfactory 
over a sufficiently wide range with an empirical standardisation. They can be used in the 


In conclusion, the mercurimetric titration in alcoholic medium is excellent for m 
work, but, if a wider range is essential or if transference errors are considered the lesser ev vil, 


the potentiometric argentimetric titration is to be preferred. 


cent. alcoholic media ; this results in a striking improvement in the end-point. This method, | 


—_— of nitrogen, sulphur, phosphorus and fluorine ; neither is suitable for semi- -micro work. — 
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sity: 


mentioned above. all the of completion used for chlorine can also be 
get" B applied to bromine. Again, Cheng’s method is useful, but the conversion factor is * fee 
= satisfactory than that for chlorine. _ Probably the best method for bromine is that based on ey - 

€TS @ oxidation with hypochlorite,* in which the six-fold amplification factor assists accuracy. 2 
hite Sch6niger’ applies this procedure, absorbing in the phosphate-buffered hypochlorite solution hae 
rials and titrating iodimetrically after boiling carefully and removing the excess of oxidant with 


sodium formate. Nitrogen, phosphorus, sulphur, fluorine and chlorine do not interfere, _ - 


lave The “products of combustion (mainly iodine. with some iodate) ar are best absorbed | in 


5 to 10 ml of 1 or 2.N sodium hydroxide, and the Leipert bromine-oxidation method is then _ a 


‘ma- 
»gen Mapplied.? The end-point of the final iodimetric titration is better if no acetate buffer is added — i a 
the @ for the bromine-oxidation stage. There is unexpected rena 4 in the literature on the a 
eur, basic merits of this virtually specific method for — 


a 


he i land i is capable of decomposing materials, such as cysteine and methionine, that are difficult — 
§ to decompose by classical techniques. _ The products of combustion are absorbed in aqueous 
peroxide solution. For micro-determinations, 3 to 5 drops of 100-volume hydrogen peroxide 


wae @ in 5 to 10 ml of water is the optimum amount; use of less causes incomplete oxidation of sulphur E 7 
| oxides to sulphate, whereas more may cause some formation of persulphate.” The amounts 
er If no other acid-forming element is present, direct alkalimetric titration is satisfactory,>.” 

: SIS _§ and chlorine and sulphur can be determined simultaneously if the titration of total ‘acidity 

is followed by a mercurimetric titration® or the Vieb6ck method’ for chloride. 


= Alternative procedures that have been superseded by better methods or are generall 
@ unattractive involve gravimetric determination as barium sulphate,'»* conductimetric 
tion with barium chloride,*® amperometric titration with 0-01 N lead nitrate, titration with 
the § 0-01 n barium chloride in presence of tetrahydroxyquinone indicator® and visual’ or potentio- — 
lask § metric’ methods involving use of barium and ethylenediaminetetra-acetic acid (EDTA). nee 
will § Several of these procedures?® 81,82,58 require prolonged evaporation of the absorption solution. a. 
tom § Schéniger originally used a barium - EDTA method,’ but later preferred titration with | i aa 
poor § barium perchlorate in presence of thorin indicator,* a procedure first applied after the oxygen 
ons. §@ flask method of decomposition by Wagner® and which has since attracted much attention. — 
and § _In this method, sufficient ethanol or isopropanol to give an 80 per cent. solution is sides 
that / to the absorption solution, together with thorin indicator lightly screened with methylene — 
per blue, | and the mixture is titrated with a suitable solution of barium perchlorate in 80 per 
hod, @ cent. ethanol adjusted to pH 2-5 to 4. It is not necessary to remove peroxide, and the — 
with © ) solution should not be neutralised before the titration because the sodium ions thus introduced _ S 
iso- § would interfere. _ The end-point is ; indicated by a sharp change from pale yellow to’ ar 
tion pink; this change is not very distinct, and some workers prefer to evaporate the aqueous 
nyl- absorbent to 5 ml before adding alcohol to avoid dilution effects.® 
ein § The titration can be used without modification in the presence of chloride and bromide — 
cous» in the amounts arising from organic compounds. Sulphur and chlorine have been deter- _ 
ator §j mined simultaneously by titrating the chloride argentimetrically after evaporation of the — 
ods, § alcohol.” The latter step can be eliminated if dichlorofluorescein indicator is used in con- — ae 


ient junction with silver perchlorate for the second titration.* Iodine should be at least partly a 
tory ™@ removed by boiling before the addition of alcohol because of its screening effect. _ Interference a a 
the § from fluoride is avoided simply by adding about 100 mg of boric acid to the absorbent. a 
ork. Contrary to published results, the method is not satisfactory in the presence of phosphate? 
icro § (previously mentioned personal communication from Mr. P. Gouverneur). Alkali metals 7 


in the amounts arising from organic compounds do not interfere. 


 Itis mainly from this titrimetric method that information on the behaviour of we 
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‘nitrogen in the sianieaiti can be derived. It has been repeatedly ‘confirmed that the 
titration is satisfactory for nitrogenous materials when used with this method of combus- 
tion™.”*.5; even thiourea, phenylthiourea and dinitro-derivatives can be accurately analysed.* 
_ However, ‘the titration is not suitable ior nitrogenous materials if they are decomposed bv § 
- the rapid “‘empty-tube”’ method of combustion,* and it is known that even moderate amounts 
of nitrate interfere.* The conversion of organic nitrogen to nitrogen oxides is known to be J 
low in the ‘empty tube” method,* hence it must be assumed that the conversion is extremely 
small in the oxygen flask method. Soep and Demoen™ tested the absorption solutions for 
4 ammonia, cyanide, nitrite and nitrate after combustion of several types of organic material §** 
by the oxygen flask method; no ammonia or cyanide and little nitrite were found, but nitrate §"~ 
was always present if the solution contained peroxide, even when only filter- -paper was. 
- burned. However, the only materials that could not be properly analysed were certain §~ 
aromatic sulphonamides and chlorothiazide; with the latter substance an additive inter- | 
_ of chloride and nitrate caused results to be high by 0-34 to 1-2 per cent. Aw 


perchlorate, ‘but found none to be an improvement. ‘i Boétius, Gutbier and Reith? preferred 
titration with 0-02 m barium nitrate in the presence of alizarin sulphonate indicator*’; this 
end-point is less satisfactory than that of thorin.*-* Boétius, Gutbier and Reith simultaneously 


determined sulphur and a halogen by a applying either the Volhard or Leipert method after 

bead titration with barium solution, 
____ Soep and Demoen* made a comparative study of the above-mentioned two titrations 
_ with barium solution and a titration with lead solution. _ They preferred the last-named 


‘ method, which was initially proposed by Archer. all _ The alkaline peroxide absorption solution 


_ water and finally with urea solution to remove nitrogen oxides. The residue is dissolved 
- in 4ml of water and neutralised with 0-02 N ammonia or nitric acid to bromophenol blue 
_ indicator; 1 ml of 20 per cent. v/v acetic acid, 25 ml of acetone and dithizone indicator are 
e: then added, and the mixture is titrated slowly with 0-02 N lead nitrate (previously standardised | 
against ammonium sulphate) until the colour changes from green, through grey, to mauve-red. 

_ With sulphonamides, it is recommended that an amount of sodium peroxide (1 to 2 times the | 

_ weight of sample) be mixed with the sample before the combustion. No similar report of @i: 
difficulties with sulphonamides has appeared. se The involved in the § 


could be considerably shortened for most materials. 
_ The ordinary titrimetric procedures for sulphate are tedious when ; Power is ; present. 
_Aspectrophotometric method based on barium chloranilate is, however, said to give sufficiently | 
~ accurate results when samples containing 0-3 to 10mg of sulphur are burned. *® | 
__ An interesting example of the versatility of the oxygen flask method is given by Roth,” 4 
who determines traces of organic sulphur in liquids by soaking filter-paper in the liquid, 
drying and igniting in a flask filled with oxygen by means of a paper fuse treated with 


potassium nitrate; the sulphate is eventually reduced to to ‘sulphide and determined by the 


§ Few papers have s so far been published on the determination of fluorine by this method, 
: and there i is little concordance between the different results. i Schéniger? absorbs the products 


indicator. Samples weighing 10 to 15 mg are used because the end-points are not sharp. 
Rogers and Yasuda* also report no difficulties with the decomposition method, with which 
they use a colorimetric finish with ferric salicylate. However, neither Senkowski, Wollish 
and Shafer,“ who determine the fluoride colorimetrically by means of zirconyl Eriochrome J 
cyanine R, nor Steyermark, Kaup, Petras and Bass, who apply a photometric titration § 
_ with thorium nitrate, have been able to obtain complete combustion unless about 20 mg of § 
sodium peroxide are mixed with the sample before the combustion. This is said to be 
‘necessary both on the semi-micro* and micro* scales, although most of the compounds §j 
quoted are only monofluorinated; such compounds are relatively easy to decompose. 
PE Leonard and West determine fluorine by the oxygen flask method on the 
sub-micro scale and use a new colour reaction of fluoride with cerous alizarin complexan § 
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the final step. _ These workers found difficulty only in the of trifluoro- 
nbus- ‘ nethyl | groups and recommend that potassium chlorate should be added to such a sample; 


Bsodium peroxide did mot prove very effective, 


beret _ A direct automatic titration (personal communication from Miss A. L. Conrad, cies 
cunts Oil Co., Cleveland, Ohio) and a visual comparison titration® 5 with thorium nitrate — 
to be mbave been used for routine work. The only difficulties encountered in my laboratory have — i 
mely been with very stable, highly fluorinated volatile materials, for which it seems likely that the 
1s for substance partly volatilises away from the combustion zone before it decomposes. One or 
terial @t. trifluoromethyl groups and single C-F bonds seem to decompose readily. Further 


work is obviously needed to clarify ‘these contradictory reports. 


wis fl In 1893, Meslans® analysed gaseous alkyl fluorides by a type of oxygen flask method. 

ssentially, a 500-ml bulb is fitted with a stopper through which are sealed a narrow platinum: 4 
inter- tube and two platinum electrodes; a fine mesh of platinum spirals is attached between the 1 

e oa electrodes over the exit of the tube. _ The bulb is charged with a standard solution of alkali 3 
ad and evacuated, and about 400 ml of oxygen are introduced so that a partial vacuum remains. — 


The platinum mesh is heated to bright redness, and the gas to be analysed is measured into — 


9 <r the bulb, where it ignites instantaneously at the mesh. More oxygen is used to sweep the 


dome Slast traces of sample gas into the bulb. After some time, the excess of alkali is titrated or | 
ofan the fluoride is determined gravimetrically. This elegant procedure is one of the earliest 
@applications of the flask combustion method and would probably solve a number of 
laday difficulties in the analysis of highly volatile materials. 


with ‘Fister, Southearth, Hodecker and Tuckerman!” were the first to 
olved phosphorus by the oxygen flask method. In their method, the products of combustion are _ 
blue Mabsorbed in nitric acid (1 + 2), and the phosphate is precipitated on the semi-micro scale | 
1 are jas ammonium magnesium phosphate, which is finally titrated with EDTA, or is determined 
dised @colorimetrically on the micro scale by the molybdenum-blue method. "Sulphuric acid — 
e-red. (1 to 2 N) has also been suggested as the absorbent,.® but prolonged boiling is necessary to 
25 the ensure that the: phosphate is converted to the ortho ‘form. A n alkaline hypobromite solution — 
n the The molybdenum-blue finish is s usually | preferred for routine work*s.49.51 and has been on 
edure Mapplied to the semi-micro determination of phosphorus in flame- -proofed cloths®, 
__ §determined phosphorus and halogens simultaneously on aliquots of the absorption solution Ca 
ssent. [by this method in conjunction with the Viebéck and Leipert titrations, = 
ently § Barney, Bergmann and Tuskan” prefer the colorimetric or difference- spectrophotometric 
@molybdovanadate procedure for determining 0-1 to 8 per cent. of phosphorus in motor 
oth,” and additives. A procedure involving the precipitation and titration of quinoline molybdo- — 
iquid, § | phosphate is excellent for routine work when many analyses are required.” A rate of four 
§ determinations per hour can be readily achieved, and the accuracy is good; none of the 
y the elements commonly found in organic materials interferes. 
__ The semi-micro method based on precipitation of ammonium magnesium. phosphate 
ad and its subsequent titration with EDTA is tedious and requires an empirical correction — 


factor? Bennewitz and Tanzer®* obtained rapid and ‘Satisfactory results for the determina- — 
—— tion of 1 to 6 mg of phosphorus by a simpler process. After the absorption, the nitric acid 
thod, Babsorbent is boiled, cooled and adjusted to pH 10 with ammonia - ammonium chloride © 

ducts buffer; cyanide (to ‘mask traces of heavy metals), -Eriochrome black T indicator, a small Aa 
exide § excess ‘of 0-02 M magnesium chloride and then sufficient ethanol to give a 50 per cent. solution 
harp. § are added, and the mixture is titrated with 0-01 m EDTA. These workers recommend a rS. a 
which platinum spiral for the sample holder, because their gauze rapidly became corroded and gave 
ollish § tise to interferences. No similar troubles arising from the use of platinum gauze in the ~ 


rome @ determination of organic phosphorus have been reported. — 


ounds - Corner! was the ru to recommend the determination of arsenic by this method of i 


. decomposition. ‘Arsenic attacks the usual platinum holder, hence a silica spiral is used; 
y after the combustion, the arsenate and arsenite formed are absorbed in a solution of sodium * 7 
hydroxide, and id eventually arsenic is distilled into a bicarbonate solution a and _ 
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q titrated  Merz®* found that “phosphorus- -resistant”’ platinum can be used as 


_ the sample holder for certain materials, but recommends a silica spiral for general analysis 

_ of arsenic-containing samples. He uses a dilute solution of iodine as absorbent to ensure 
total oxidation to arsenic’, and applies the molybdenum blue colorimetric finish. A modified 
silica holder said to be less prone to dropping the sample has been described. eh) SPM FS 
ee Belcher, Macdonald and West®* have shown that most of the arsenic is present in theft 

- 4 tervalent form after the combustion; they found that direct titration with bromate solution] 
in the presence of p-ethoxychrysoidine indicator is the best of the several possible finishes. 

- However, these workers were forced to the conclusion that the oxygen flask method is not 
_ well suited to arsenical materials and that decomposition by the older wet-combustion method 


_ is to be preferred. Spectrographic analysis has shown that arsenic forms alloys with platinum [bu! 


_ even under the strongly oxidising conditions obtaining when paper impregnated with ace 
_ sium nitrate is burned.*® When a silica spiral is used, combustion is never as satisfactory as 

_ with platinum. For example, Corner! has been unable to achieve proper and immediate 

_ combustion of resinous materials. Tuckerman, Hodecker, Southworth and Fleischer*’ have 
confirmed that wet combustion is preferable to the oxygen flask method for determining 

to use soda glass®* or to coat ordinary flasks with a silicone, ¢.g., Beckman Desicote.5* The§ © 
= acid formed on absorption in water is readily determined by the straightforward mannitol it 
method, which can be utilised with a visual®* or coulometric titration. 58 Many boron-contain- 
_ ing materials are difficult to decompose, ‘but complete combustion is attained if powdered 


sucrose®® or potassium hydroxide™ is added to the sample; this has proved satisfactory for Bwra 


substituted borazoles and silylbenzene - boronic acid derivatives. 


Zinc, cadmium wn magnesium in organic complexes can be determined on the micro 
als without difficulty by absorbing the products of combustion in 1 N hydrochloric acid 
and then applying an EDTA titration®*; barium has also been determined.” Lead and 
bismuth form alloys with the platinum holder, and some metals, ¢.g., nickel and gallium, 
_ form insoluble oxides that are not conveniently dissolved if an EDTA titration is to follow.* 
The oxygen flask method is excellent for determining mercury on the micro or semi-micro f 


tated al Mercury, mercury? and mercury! are formed in the combustion, so that concen- 


trated nitric acid is used as an oxidising absorbent to ensure that all the mercury is eventually 
present in the bivalent form. | If the material contains chlorine, the absorption solution J 
“a must be heated under reflux, with an efficient condenser, to decompose mercurous chloride. 
_ Visual titration with EDTA is not applicable because nitrogen oxides destroy the indicator, 
titration with 0-01 or 0-001 N EDTA is satisfactory. 

ber Gitte, Krete and Baddenhausen® have shown that carbon-14 can be determined by 
means of the oxygen flask method. The products of combustion are absorbed in 1 N sodium 
hydroxide; the carbonate is precipitated as the barium salt and analysed in the usual way 


for carbon-14. Carbon from the sample container is naturally of no importance in this 
‘Tt is difficult to obtain complete combustion of a small sample by + means of an electrical 
od coil ignition. This is why the filter-paper wrapper is retained by those who advocate electrical 
‘| ignition for determinations of elements other than carbon. In the absence of the wrapper, 
the substance tends to volatilise or melt away from the coil before the coil has reached the 
ignition temperature of the sample. Even when ignition is satisfactory, there are often 
smears of carbon left on the sample support. _ Juvet and Chiu* attempt to overcome these 
difficulties by folding the sample in a loose glass-wool mat wrapped round a heating coil 
(1mm diameter) made from 15 cm of Nichrome resistance wire; the coil is placed between 
two platinum wires fused into glass tubing. After absorption of the products of combustion 
in 0-5 N sodium hydroxide, the carbonate is determined by titration with 0-1 n hydrochloric 
acid from the phenolphthalein end-point to the methyl orange end-point. The accuracy of 
the method is not very good. It has not been possible to confirm the satisfactory nature 
of this combustion ; carbon “‘fluff”’ often appears on the outer of the e mat. 
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ns as [> A more promising approach to ‘the ‘problem has been described by Cheng and Smulli a 

‘s YSIS rhe sample is placed in a small porcelain boat and closely covered with a piece of fine platinum 

dified gauze; the boat is then inserted into a platinum heating coil, and combustion is begun by — 


heating the coil with a current from a 6-volt battery. _ The carbonate formed is —— a 
yas barium carbonate, , which i is then determined titrimetrically. _, Further information on — 
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or and on the determination of hydrogen is 


7. The emia of the | oxygen flask method are most clearly seen in 1 the determinations “ 
sulphur, iodine and phosphorus. The method for sulphur gained greatly from the fact that 
an excellent titrimetric determination of sulphate was discovered almost simultaneously — 
with the * 2-spread adoption of the oxygen flask method. _ The methods for iodine and 
phosphorus ai are also much simpler than any of their predecessors. _ The method is excellent 
for chlorine and bromine, but there is less unanimity on the optimum conditions in the 
literature. There is considerable conflict in the published results for the analysis of fluorinated — 
materials, and further elucidation is also needed on the determinations of carbon, hydrogen, 
arsenic and several metals. The versatility of the oxygen flask method is apparent from the - 
list of possible determinations. _ Everything from very stable solids to gases has been analysed 
~The simplicity of the method is probably its greatest virtue, and attempts to complicate 
it unnecessarily by electrical ignition, with a return to the era of mechanical break-down, 


mtain-Bmust be deprecated. This type of ignition is essential only in the determination of carbon e 
vdered Band/or hydrogen, for which organic sample containers cannot be used; a suitable inorganic “ 
ry for wrapper, which will ignite and allow free access for oxygen withot ut loss of sample, has ye et 

ms oe & _ The personal preference of the analyst with regard to the final determination is given 
micro 


fsolution is usually simple and the only interferences are those arising from the sample itself. 
It should now be clear that practically any method satisfactory for pure solutions of the ion 
concerned is suitable for application to flask absorption solutions. Therefore, unless some a 
new facet of the method of combustion comes to light, papers describing known methods of 
completion seem to be unnecessary. The torrent of papers now appearing shows no sign of | 
abating, but it should be stressed that only those describing methods of final determination — 


_ {that match the decomposition procedure in are likely to renown 
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2 A-Diaminophens! and its Salts” 
jochemistry Department, St. ‘St. Mary's Hospital Medical School, London, W.2) 
method is @escribed for the accurate quantitative of 
8 ,4-diaminophenol and its salts (Amidol). The method is based on the a7 


OOD 


uit 


oxidation of 2,4- by potassium persulphate to the red- a 
is then determined spectrophoto- 
coloured 2 from its absorption at 500 mp oxidation is dependent on pH 
- and is best carried out at pH 4-5, at which the colour is most stable. The us d - 
_ method is sensitive to 10 wg of diaminophenol, and amines and aminophenols © “7 vty 4 : 
- do not greatly interfere. With little reduction in accuracy the method has — 


jh. 3 _ been applied to the determination of conjugates of diaminophenol in urine. met 

2,4-DIAMINOPHENOL is best known as its dihydrochloride (Amidol), which is widely cand as 

a photographic developer and as a dye for fur and hair. Two methods have been described : 
for determining 2,4-diaminophenol. The first! is based on the conversion of diaminophenolg 
into a mixture of the di- and tri-benzoyl derivatives, which is then determined gravimetrically} 

_ The second is based on the light absorption of the azo dyes formed by diazotisation of theg I 
diaminophenol and coupling with resorcinol? or 4-n-hexylresorcinol.2? The first method is 
empirical because of the variable mixture of products of the benzoylation, is non-specific 
and is limited to amounts of 100mg or more. The second mee, although sensitive to 
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a 
_ 4-Diaminophenol i is formed biologically by the reduction of 2 4- dinit 


by rabbits 


[bod in rat-liver homogenates® and is the principal metabolite of m-dinitrobenzene in the 


rabbit. The work described was undertaken to devise a method for determining 2,4- diamino- 
phenol and its conjugates in the urines of animals dosed with m-dinitrobenzene, 2 4A dinitro- 
phenol and other compounds metabolised to the diaminophenol. S It was particularly desirable _ - 
to develop a method in which m-nitroaniline, m-phenylenediamine and aminonitrophenols _ te 
vould not interfere. The colorimetric methods previously described?* give strong colours 


ith the and the colours with 2-amino-4- -nitrophenol, 


The, great facility with which 2,4- diaminophenol and its salts are inci es 
invalidated several of the possible methods investigated; ultimately, this facile oxidation was 
made the basis of a method. Solutions of 2,4-diaminophenol and its salts darken on exposure 
to air and ultimately form an insoluble brown polymeric oxidation product. In contrast to 
this, if the solutions are oxidised by the addition of aqueous ferric chloride, potassium dichro- _ 


imate or bromine water, a deep red colour is produced | owing to the formation of salts of = 


J "The oxidant chosen for the proposed method was potassium persulphate, since it is as a 


seffective as the oxidants used by previous workers and has the advantage of being colourless. 
}A considerable excess of potassium persulphate was needed to ensure rapid development of 


_ ithe colour, and at pH values of 4 to 7 a final concentration of 200 wg per ml was found to be , 
optimal for final concentrations of diaminophenol dihydrochloride up to 50 ug per ml. The 


jamount of persulphate did not affect the colour intensity, but at concentrations of less than — 
|200 wg per ml a longer time was necessary for maximum colour development. = =~ 
:t tl The salts of 2-amino-4-quinoneimine are holoquinoid and exhibit a general light absorption 
lin the violet region. The spectral absorption curve for a solution of 2,4- cae sell 


dihydrochloride oxidised with potassium persulphate showed this general < absorption, which a , 
was maximal at 480 to 500 my; 500 mp was chosen as the Te in the proposed oe 


-— abo pH 0 the rate of colour development increases with rise in pH and in neutral solutions — 


ophenol 
trically. 
n of the 
ethod is 
-specific 
sitive td 


The development « of the red aeaie is dependent on pH. Below pH 0no colour develops, 


1 


it is almost instantaneous. Above pH 7 the red colour is immediately formed, but acy 


fades to brown. Even between pH 5 and 7 the red colour begins to fade slightly after 15 to 


30 minutes. . The variation in optical density with pH and development time is shown in _- f 
Table I. At pH 4-5 the colour is stable, showing no deterioration after 1 hour, and ‘the 

time for maximal colour (10 minutes) is convenient. ond 
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24 -Diaminophenol dihydrochloride—Purify by boiling a solution of 50 g of diaminophenol — 
dihydrochloride in 150 ml of 0-2. N hydrochloric acid with 2g of charcoal, filter, and pre- 
cipitate by adding 25 ml of concentrated hydrochloric acid. Collect the precipitate on a 
filter-paper, and dry in vacuo over anhydrous potassium carbonate. Solutions in 0-5 N hydro- 
Potassium persulphate solution, 0-2 per cent. w/v, aqueous—Prepare from analytical- 

Sodium acetate solution, molar, aqueous. Prepare from analytical-reagent grade material. 

we 2-0 ml of a solution of 2,4-diaminophenol dihydrochloride in 0-5 n hydrochloric acid | 

10 to (250 per ml) add 10 ml of and 2-0 ml of sodium 
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solution. After 10 minutes, dilute with water to 10-0 and measure the optical 

density at 500 mp against water in 1-cm cells. 
DENSITIES OF SOLUTIONS OF 2,4-DIAMINOPHENOL POTASSIUM 


-Two-millilitre ° portions of a a 0-0005 M aqueous solution of °.4-diaminophenol dihydrochloride 
_ in the presence of 6 ml of 0-2 m Britton and Robinson’s butter solution at different pH values 
were treated with 1-0 ml of a 0-2 per cent. w/v aqueous solution of potassium persulphate, 
* ies to 10-0 ml, and the optical densities measured at 500 mu against v water in 1-cm glass 
0-08 0-26 0-36 0-41 0-41 0-38 0-36 0-22 


yy 


All results were obtained with a Satan SP600 spectrophotometer. Beer’s law was| 
always strictly obeyed over the range 0 to 250 yg of 2,4-diaminophenol dihydrochloride per 
4 ml of solution, and 2-0 ml of a solution containing 100 wg per ml treated as described under 
_““Procedure’’ gave an optical density of 0-41. Recoveries of 5 to 1000 mg of 2,4-diamino- 
Sena dihydrochloride from aqueous solutions were 100 + 2 per cent. The method isf 


. 


— to 10 pg of 2,4- -diaminophenol, | and other related amines and phenols do not § 


Two-millilitre portions of 0-0005 M aqueous schutions of various amines and phenols in 
N hydrochloric acid were oxidised with potassium by the proposed procedure 


m-Phenylenediamine .. 
2,4- dihydrochloride . 


APPLICATION OF THE METHOD TO URINE 


as 

on The 2,4-diaminophenol excreted by animals as a metabolite of 2 2 4-dinitrophenol int 

other compounds occurs in the urine as conjugates of acetic, sulphuric and glucuronic acids, 

which are hydrolysed to diaminophenol by boiling under reflux for 3 hours with 5 N hydro- 
_ chloric acid. Recoveries of diaminophenol dihydrochloride (50 to 100 mg) boiled under reflux 

for 3 hours with 50 ml of 5 n hydrochloric acid and diluted ten-fold before the determination 
_were 100 + 2 percent. Similar recoveries were obtained with normal rabbit urine in place of § 

pure aqueous solutions. Diaminophenol dihydrochloride (50 to 100 mg) was boiled under 
_ reflux for 3 hours with a mixture of 50 ml of urine from normal rabbits and 50 ml of concen- 

trated hydrochloric acid. The hydrolysed solution was cooled, diluted ten-fold, and filtered 
_ to remove a black precipitate arising from the action of the acid on glucuronides and other 


: normal constituents of urine. - Determinations by the proposed procedure cen Tecoveries 
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January, 1961} 
of 101 + 3 per cent. (see Table III). The blank solution was prepared by adding 2ml. of — 
2 hydrochloric acid to 2-0 ml of re filtered diluted urine solution and diluting to 10-0 ml. . 
The effects of other metabolites of 2,4- -dinitrophenol occurring in the urine in addition to 


2,4-diaminophenol were studied. . By the same procedure as used for normal rabbit urine, a. 
the mean recoveries of diaminophenol dihydrochloride (100 mg) added to urine in the presence — or 
of m-phenylenediamine, m-nitroaniline, 2-amino-4-nitrophenol or D-glucuronolactone (100 
of se were 111, 90, 93 and 102 per cent., respectively (see Table III), ee 


| 


4 
93-5. 


L106 2 fom, 


0-40" 


in optical density contributed by the oxidation of m-phenylenediamine itself (see Table II). 
The low values obtained in the presence of m-nitroaniline and 2-amino-4-nitrophenol were — 
due to these substances decreasing the colour stability. Attempts were made to reduce ~ 
these errors by acidifying the solution after formation of the colour. In this way it was 
hoped to stabilise the red colour of 2-amino-4-quinoneimine and reduce the colour 


‘contribution of m-phenylenediamine. . Addition of 1 ml of 2.N hydrochloric acid. lowered 
ithe pH of the solution to about 1-0, at which value the red colour of 2-amino- at — B, 
Ineimine is stable, but recoveries were not improved | (see Table III). Of 


2 4-Diaminophenol and its salts may be accurately determined by the i method _ 


or M- phenylenediamine | errors ‘of the order of 5 or 10 per cent., respectin 


| Occasionally, when it is necessary to determin 2,4- -diaminophenol i in the presence ie ihe 


large amounts of m-nitroaniline or m- -phenylenediamine, “corrections for these substances — 


should be made, since the instability of the diaminophenol makes preliminary separation — 
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Determination of Oxalic Acid in Urine 
By A. HODGKINSON anp P. M. ‘ZAREMBSKI 
Medical Research Council Unit for Metabolic Disturbances Surgery, The General Infirmary, Great 
A extraction with ether and colorimetric procedure are described 
ot for the determination of oxalic acid in urine; the method has increased 
_ accuracy and sensitivity compared with previous methods. Urine is acidified rile 
_ with hydrochloric acid and “‘half-saturated” with ammonium sulphate. The 
gelatinous precipitate formed after standing is removed by filtration, and the 
filtrate is continuously extracted with peroxide-free ether. The extracted | 
oxalic acid is precipitated as the calcium salt, reduced to glycollic acid by ethane 
boiling with zinc and sulphuric acid and determined colorimetrically with 
acid. Recovery of oxalic acid from urine was 98 + 2 per cent. 


ee daily excretion of oxalic acid by normal adults ranged from 9-0 to 23°8 mg. if’: 

_ TuE method most commonly used for determining oxalic acid in urine involves preliminary 
q heating of the sample with hydrochloric acid to convert any oxaluric acid present to oxalic 

- acid.1 The urine is extracted with diethyl ether, and the extracted oxalic acid is precipitated 

as the calcium salt and determined with a standard solution of potassium permanganate.'*.3.4.5 

_ More recently, attempts have been made to increase the sensitivity and specificity of the § 

_ method by reducing the rae oxalic acid to glycollic acid and determining this 


Henneman”” have been re-examined, and the modifications listed below have b been 


 @ (i) Preliminary heating of the urine with hydrochloric acid, which results in the J 
partial conversion of a number of urinary constituents to oxalic acid, has been 
(ii) An improved apparatus is used for the extraction with ether. Salen dikedal a 
a) _ Improved conditions for the quantitative reduction of oxalic acid to glycollic acid 
for colour development with chromotropic acid are introduced. 


The method / described has been used extensively for determining oxalic aci acid i in normal and 


—, According to Eegriwe® and MacFadyen, 144 the reaction between formaldehyde and ns 
tropic acid is specific for formaldehyde. — The procedures used for colour development are, in 
general, based on observations by MacFadyen, who recommended the use of 50 mg of chromo- 
tropic acid in 0-5 ml of water. This amount of chromotropic acid was found to be approxi- 
mately ten times greater than the minimum required and so gave rise to unnecessarily high 
_ readings for the reagent blank value. Purification of the commercially available chromotropic — 
acid resulted in further decrease in the optical density of the reagent blank solution. _ Purifica- } 
tion also resulted in increased sensitivity of the colorimetric reaction and in greater | stability 
of of the aqueous chromotropic acid reagent solution. 
Maximum colour development of the chromotropic acid - formaldehyde complex was” 
attained after heating the reaction mixture in a boiling-water bath for 25 minutes, and a 
_ period of 30 minutes was adopted. Final dilution of the coloured complex with water has 
- been used,!> but this leads to an appreciable loss of sensitivity. The final concentration of 
_ acid should be not less than 16 N.84 According to MacFadyen, maximum optical density a | 
of the coloured complex is at 570 my; we have confirmed this. 
_ Reduction of oxalic acid to glycollic acid by magnesium and sulphuric acid, as recom- 
_mended by Pereira,* gave a satisfactory calibration graph (see Fig. 1, curve D), but greater 
sensitivity was attained by using zinc in place of magnesium. After heating with zinc for 2 
hours at 35° C,?-10 reduction was incomplete at higher concentrations (see Fig. 1, curve C). 
A more linear relationship was obtained after heating with zinc for 16 hours at 35°C (see 
re 3 curve B), but the most Sy result was obtained after sai with zinc for 30 
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C (see 


minutes ina seals water bath ee Fig. 1, curve A). Calibration graphs plotted — the 
results obtained when oxalic acid and equivalent amounts of glycollic acid were used were 
almost identical, and it was concluded that reduction of oxalic acid to glycollic acid was _ rr 
_ The isolation of oxalic acid from interfering substances present in urine is an essential 
preliminary step with the analytical methods available; extraction with ether and then — 
precipitation of oxalic acid as the calcium salt appeared to be adequate for this purpose. In 
view of the greater specificity of the formaldehyde - chromotropic acid colour reaction com- 
pared with titration against permanganate, the possibility was considered that precipitation 


§ of oxalic acid after the extraction might be omitted, a this resulted in appreciably higher 
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Amount of oxalic acid 


acid present and promt density: curve A, reduction by zinc after 
heating for 30 minutes in a boiling-water bath; curve B, reduction ae * A 
_ by zinc after heating for 16 hours at 35° C; curve C, reduction by Hos art — remand, 
_ zine after heating for 2 hours at 35°C; curve D, reduction by Pe 
2 onditions for the quantitative extraction of oxalic acid with ether are relatively critical 
The efficiencies of three types of liquid - liquid extractor were compared by measuring a = 
recovery of oxalic acid from aqueous solution. Recovery was 94 per cent. for the apparatus — ; 
recommended by Powers and Levatin? and 72 to 78 per cent. for a standard Quickfit & co 
assembly with a sintered distributor. Recovery from aqueous solution was 98 + 1 percent. 


when the apparatus shown in Fig.2wasused. 
_ With laboratory-grade ether, maximum recovery of oxalic acid was 92 per cent. after 4 


hours and recovery decreased progressively with longer periods of extraction. With peroxide-_ 


free ether, recovery was 94 per cent. after 6 hours and 95 per cent. after 10 hours. Recovery — 
was 97 per cent. after ‘‘half-saturation’’ of the aqueous phase with ammonium chloride and 7 

extraction with peroxide-free ether for 6 hours. When the ammonium chloride was replaced _ 

by ammonium sulphate, the recovery on replicate determination was 98 + 1 percent. 

| The optimum temperature of the bath for the extraction with ether was 70° C, longer — 


Jextraction periods being required below 65°C. Loss of ether and oxalic acid occurred _ 


temperatures above 70° C because of the limitations of the condenser. retitnemeiae a dad 
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apparatus—The apparatus | used is in Fig. Standard Quickfit & 
‘Quartz glassware was used when possible. The inner assembly, A, was constructed from 
3 Pyrex-glass tubing of diameter 0-8, 1-8 and 2-5 cm; it consists of a collecting 1 funnel terminating 
in a perforated bulb, and an outer tube of capacity approximately 35 ml. The upper end of 
this tube is slightly constricted so that assembly A is a single unit. An extractor tube (Quick- 
- fit & Quartz No. FC6/23A), a jacketed coil condenser (No. CX6/05) and a 250-ml conical flask 
Conical centrifuge tubes—These tubes were made from Exelo stoppered 25-ml test-tubes 
7 by drawing the closed end out to obtain a tip of internal diameter approximately 1mm. The 
external tip of the tube was flattened to aaah it penetrating the rubber lining of the 
centrifuge buckets. 


condenser 
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REAGENTS— 


the precipitate with dilute ammonia solution, and dey in a vacuum desiccator. aie wy 
Calcium chloride solution—Dissolve 90 g of analytical-reagent grade calcium 
in 450 ml of 4.N hydrochloric acid, and dilute to 500 ml with water. We 
_ Chromotropic acid solution—Twice recrystallise the sodium salt of chromotropic acid from 
: aqueous ethanol, and dissolve 1 g in 100 ml of water. Store this solution in the cold, and 
_ Ethanol - acetic acid mixture2—Mix 2 per - cent. v/v acetic acid, 95 per cent. v/v ethanol | 
eS _ Diethyl ether, peroxide-free—Pass anaesthetic-grade ether slowly through a 22-cm x 3-cm 
column of “aluminium oxide for chromatographic analysis” (obtainable from the British 
| Drug Houses Ltd.). Store the product in the cold in a dark bottle containing a few pieces of 
copper wire, and prepare freshly every 10 days. 
‘Oxalic acid standard—Dissolve 1:0231 g of potassium rey monohydrate in 100 ml otf 
water. _ Prepare a working standard by mixing 1 volume of this solution with 4 volumes 
of water; solution cont contains 1 of oxalic acid ‘per mi. ml. 


col 
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(ae) 
~ mr. Extractor tube — 
Conical flak—/\ je 
Im Fig. 2. Extraction apparatus , 
~~ as described by Hawk, Oser and Summerson.® = fd 
. a mmonium urate—Dissolve 4 g of uric acid in 100 ml of water to which has been added a 
a © i few drops of 40 per cent. w/v potassium hydroxide solution. Cool, and add 20 g of ammonium 
rs. 
: 
4 


y, 1961] 


© 


Onaharie acid—The used was purchased from Nutritional Biochemicals Corpora-_ 
Sete tion, ( 28, Ohio, U.S.A., and contained less than 0- of oxalic acid per 100 g. 


ating Collect the urine at 4°C, without preservatives, and as soon as possible after 
and of § Completion of collection. Mix a 50-ml sample of urine with 19 g of ammonium sulphate, and i 
Juick- | 2dd 5 ml of concentrated hydrochloric acid. Note the change in volume, set the mixture 
l flask § @Side at room temperature for 30 minutes, and filter through a Whatman No. 1 filter- -paper. o 
__ & (Full saturation of urine with ammonium sulphate is recommended if an appreciable amount _ 
tubes § 0f heat-coagulable protein is present). Extract 20 ml of filtrate for 6 hours with 100 ml of 
‘The § ether, maintaining the temperature of the water bath at 65° to 70°C. Add 4ml of water to — < 
of the § the extract, and remove the ether by evaporation on a boiling- -water bath; stop the evapora- 
_ | tion at the first appearance of condensed water vapour. Transier the aqueous liquor toa _ 
- } conical centrifuge tube with three 2-ml portions of 95 per cent. ethanol, and wash the apparatus — im f 
Ie with 2 ml of water. _ Add 50 per cent. v/v ammonia solution until the contents of the tube are ~ 

§ alkaline to bromocresol green (3 to 4 drops will be needed), and then add 0-5 ml each of glacial in 
acetic acid and 20 per cent. w/v calcium chloride solution. The final pH should be within 7 7 
the range 3-6 to 4-5. Cover the mixture with 2 ml of ethanol - acetic acid mixture, and set _ = 
aside overnight at room temperature. Spin in a centrifuge at 1200 g for 20 minutes, remove 
the supernatant liquid with a Pasteur pipette, and allow the inverted tube to drain. © Wash — : 
the precipitate once with 4 ml of ethanol - acetic acid mixture, remove the supernatant liquid, — 
and dry the precipitate at 100° to 110°C. Dissolve the precipitate in 2 ml of 2 N sulphuric © 
acid, add 100 to 150 mg of powdered zinc, and heat in a boiling-water bath for 30 minutes. 
‘Spin in the centrifuge to separate the excess of zinc from the solution, and transfer 0-2 ml 
of the supernatant liquid to a glass-stoppered 25-ml test-tube ere me 0-5 ml of chromo- — 


as bath for 30 minutes. _ Cool, dilute to 20 ml with 9 n sulphuric ar and measure the optical * 
_ | density at 570 my in a 10-mm fused-glass cell. The colour is stable for atleast 2hours. 

— Place 0, 0-2, 0-4, 0-6, 0-8 and 1 0 ml of wohl standard oxalic acid solution in separate _ 
test-tubes. ” Adjust ‘the volumes to 1 ml with water, and add 1 ml of 4.N sulphuric acid | 
and then 100 to 150 mg of powdered zinc to the contents of each tube. Treat the solutions as a 
described above, and express the result in milligrams of anhydrous oxalic acid. The coloured — 
complex obeys Beer’s law closely (see Fig. 1, curve A); variations in the slope of the siegh 
are small and are due mainly to differences between batches of chromotropic acid reagent. al 7 

The recovery of oxalic acid added to three different samples | of urine was determined in 


duplicate ; the results areshown in Tablel. 


ww 


RECOVERY OF oxaLic ACID ADDED TO 


‘-bonate Oxalic acid after addition of 
found in control, 0-5 mg of oxalic 
ry, 
3-cm 0-400 bake 895 99-0 
ieces of SOMPARISON BETWEEN “FREE” AND “TOTAL” OXALIC ACID VALUES FOR URINE— 
 Twenty-four-hour samples of urine from normal adults and from patients with ‘renal 
peat of | calculus were collected in the cold, without preservatives, and the oxalic acid contents were - 
“olumes 


determined (a) as described above and (b) after heating with hydrochloric acid, as recom- 
mended by Powers and Levatin®; the are shown in Table II. The value A) was 
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| HODGKINSON AND ZAREMBSKI: THE DETERMINATION 
found to vary considerably from individual to individual and, moreover, was not a constan 
fraction of the ‘‘free’”’ or “‘total’” oxalic acid. sites 


BETWEEN ‘‘FREE” AND “TOTAL” OXALIC ACID VALUES FOR URINE are 


but not heated (A), and heated (B), 


ao The re recovery of oxalic a sii from aq aqueous solution and from normal urine was determined 
after the addition of various compounds known to give rise to oxalic acid under suitable con-— 
ditions. Recoveries were determined before and after heating the mixtures on a boiling-water — 


_ Glycine, alanine, ammonium urate, allantoin and creatinine were added in amounts 


approximately twice those normally found in urine. _ The amounts of glucose added corre- 
sponded to that found in mild and moderate glycosuria, and the amounts of ribose and 
_ oxaluric acid were appreciably higher than would be encountered in most normal or patho- 
logical urines. Of the compounds added, only oxaluric acid, ribose and glucose caused inter- 
ference in aqueous solution when preliminary heating was omitted. _ Ammonium urate, 

oxaluric acid, ribose, glucose and allantoin caused some interference in urine under the same 


conditions, but all the compounds examined caused appreciable interference when the urine 


_ EFFECT OF VARIOUS COMPOUNDS ON RECOVERY OF ‘OXALIC ACID FROM WATER AND URINE. 


Recovery of oxalic acid from Recovery of oxalic acid from urine 
water when was— _ when sample was— 


“Addition to 50 ml of sample ot heated, not heated, 
None... 
Glycine (9 mg) 
Alanine (3 mg). 
Ammonium urate 
Allantoin (3 mg) | 
Creatinine (80 mg) 
= (50 mg) 
Oxaluric acid (1 
‘Ribose (200 mg) . 
(1: 5 8) 
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DaILy EXCRETION OF OXALIC ACID BY NORMAL INDIVIDUALS— | 


‘urinary excretion of oxalic acid by adults on a normal diet containing 
approximately 70 mg of oxalic acid per day ranged from 9-0 to 23-8 mg per 24 hours. ~ Values” 
for two normal children aged 2 and 5 years were 4-9 and 12-3 mg per 24 hours, saecewce ely. : 
comparison, values reported by of other workers are e shown nin Table 
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EXCRETION OF OXAL 


Oxalic acid excretion per ; 
hours 


No. of adults , 

Powers, H. H., et. al? ae 14:3 to 35:8 
Dempsey, D. F., et alo 15-0 to 500 31- 


* This paper . 


E The preliminary heating shin hie with hydrochloric acid is not recommended, as it results 
in . erroneously high values for oxalic acid; this effect is apparently caused by the partial 
conversion of several urinary constituents to oxalic acid or to compounds yielding formalde- 
hyde under the experimental conditions used. The increase in the measured amount of oxalic 
| acid found after urine had been heated, shown ; as (B — A) in Table II, can largely be accounted 
| foron the basis of the resultsin Table II]. = = = 
_ Some interference by ribose, glucose, uric acid, allantoin and oxaluric acid occurred even | 
when preliminary heating was omitted; this is probably a consequence of heating during 


| extraction with ether.24 According to Flaschentrager and Miiller, urine contains only very _ 4 
4 


_ — small amounts of oxaluric acid, and errors from this source are probably negligible. — With — 
~ —| the proposed procedure, the value found for oxalic acid in normal urine is probably about 


cunts ; 5 per cent. too high as a result of interference by uric acid, allantoin and reducing sugars, and e 
anit =| the error may exceed 10 per cent. if the urine contains greatly increased amounts of these 
atho- § The range of values found for the daily excretion of oxalic acid by normal adults agrees 

inte | well with that reported by Archer, Dormer, Scowen and Watts. Preliminary heating of 
arate. urine was omitted by these workers, and this probably accounts for the absence of higher re 
values reported by other workers (see TableIV), “WHT Tey 
urine J ie The proposed procedure, after modification of the initial stages, can be used for deter- a 


is mining oxalic acid in food, when the problem of ‘‘oxalogenic” ” compounds is also encountered. 
ath " = application of the method to the determination of oxalic acid in blood is being studied. — 


We thank Dr. J. Dawson, Director of Research, Runwell Hospital, Essex, for advice 
URINE in the initial stages of this investigation. bar 
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Determination of Biologically Soft 
ulphonates i in Detergents a1 and Ser d Sewage 


(Chemical Division, ‘Theis Hedley & Co. OP. oO. ‘Box 155, City Road, Newcastle ‘upon Tyne 1) 
infra-red method is described for the quantitative determination of 
biologically “soft” (straight-chain) and “herd” (branched- chain) alkylbenzene- 
sulphonates- in detergents and sewage. Manufactured detergents 
hydrolysed with acid and extracted with light petroleum to remove fatty a ; 
material, perfumes, etc. The alkylbenzenesulphonate is then converted to 
4 the heptylammonium salt and selectively extracted from an acid - ethanol - - 
_ water solution with light petroleum. After removal of the solvent, the optical i 
_ density is measured in carbon disulphide at 9-9 yz (total alkylbenzenesulphon- 
ate) and in carbon tetrachloride at 7-31 (biologically hard alkylbenzene- art 
sulphonate) ; biologically soft alkylbenzenesulphonate is obtained by differ- — 
ence. For sewage, the detergent is adsorbed on after desorption, the 
IN recent years the widespread use of synthetic detergents containing tetrapropylenebenzene- 
_ sulphonates has posed difficulties for sewage works and water authorities and there have been 
many reports of persistent foaming in the works and at weirs on rivers. The Minister of 
_ Housing and Local Government set up a Standing Technical Committee on Synthetic Deter- 
gents to look into the problem, and, under the auspices of this Committee, the possible use | 
of an alkylbenzenesulphonate of a type more ny eer biologically has been 
The new - material is essentially a straight-chain alkylbenzenesulphonate, nine the 
_tetrapropylene material had a branched side-chain. Experiments have been carried out 
_ with the new material, both on pilot plant! and full scale (the Luton Experiment). In order § 
properly to evaluate the course of the Luton Experiment, it was essential to be able to ‘deter-— 
mine analytically the proportions of the two materials present in any given sample. Since 
= of be methods previously described for determining detergent in waters and sewage 


distinguishes between the two materials, was for a new — 


| 


Development of the method was in two stages: (a) of the alkylbenzenesul-— 
‘Phonate and (b) determination of of each type present. 


SAMPLING— 
To 
to add a 10 p.p.m. of mercuric were found to be 


For sewage, the bactericide should be added immediately after the sample has been taken. 


‘The ‘method used for recovery of alkylbenzenesulphonate was based on that described 
by Sallee and his co-workers.?_ This involves concentration of the detergent by adsorption on 
carbon, drying of of the carbon and desorption | by boiling = with alkaline benzene - methanol 
_ Experiments showed that, for the recovery of up to 200 mg of alkylbenzenesulphonate, 
the amount of carbon could be reduced from 100 to 25 g, the bore of the glass column being 
hav ed. With the desorption mixture used by Sallee and his co-workers, the recovery of 
_ “hard” detergent was 95 per cent., but recovery of the “soft” type was only 85 per cent. 
Improvement was obtained by increasing the proportion of methanol and substituting chloro- 
form for benzene. Ammonia solution was more effective than alcoholic potassium hydroxide © 
and, as it needed no special preparation, was simpler to use, 
_ With a mixture of 2000 ml of methanol, 500 ml of chloroform and 25 ml of ammonia 
§ solution, sp. gr. 0-880, it was possible to obtain essentially complete desorption of both vise | 
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BIOLOGICALLY AND HARD KYLBENZENESULPHONATES 

column at room temperature, pre-drying of the carbon and boiling with solvent being u un- 

necessary. This revised procedure needed only one-quarter of the volume of solvent used in “a 

the original method and much reduced the time of analysis. 


Detergent ‘products ; may contain an anionic detergents other than 
as well as foaming agents, perfumes, etc. In sewage there is a highly complex mixture e of 
organic compounds, many of which are liable to interfere with infra-red determination. 
_ After removal of the desorbing solvent, Sallee and his co-workers? effected purification 
by acid hydvelysia, neutralisation and extraction with light petroleum to remove some of the 


> 


Gas 
Fig. ante of ‘capillary films of 1- methylheptyl- 
a ammonium salts of alkylbenzenesulphonate: curve A, extract from 
_ sewage effluent treated by original method*; curve B, extract from 
_ sewage effluent treated by proposed method; curve C, pure — 


impurities, Next, the con. allowed to react with 1- |-methylheptyl 
amine, the heptylammonium salt was extracted with chloroform, and infra-red measurement _ i 
was finally made in carbon disulphide, the characteristic bands at 9-6 and 9-9 » being utilised. 
| This method gave no difficulty with manufactured detergents, but, when it was applied 
| to settled sewage, the final solution was darkly coloured and contaminated by compounds 
that interfered with the infra-red determination. Investigations were therefore carried out — 
to improve the purification and, if possible, to simplify the procedure. Be se ay 
_ After evaporation of the desorption solvent the residue was hydrolysed. The acid ty 
solution was extracted with light petroleum to remove fatty acids and other impurities, 
| ethanol being added to the aqueous phase to retain the detergent in solutio:. and prevent 
formation of troublesome emulsions. After washing the light petroleum extract, the ratio of — 
| ethanol to water was adjusted to 1 to 4 and 1-methylheptylamine was added. The heptyl- 
ammonium salt was then extracted with light petroleum to give an almost colourless solution. 
This extraction was shown to be quantitative, provided that the ethanol content did not 
‘It had been shown®-4 that extraction of the heptylammoniura ‘salt with light petroleum a 
was selective and separated the detergent from all known interferences. The extent of this a 7 
improvement was shown by examination of the carbonyl bands at 5-85 y and methyl bands at Lin 
7:25 w on recovered alkylbenzenesulphonate. By the original method,? the optical density z= 
of the carbonyl band was — to four times greater than that of the methyl band. By the — 
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of the methyl band and in the 9-5- 10- 


hard curve B, 90. per cent. 
_ of hard and 10 per cent. of soft alkylbenzene sulphonate: curve C, 
_ 60 per cent. of soft and 40 per cent. of hard alkylbenzene- : 
sulphonate; curve D, biologically soft alkylbenzenesulphonate ; aoe oe 
curve E, Luton final effluent; curve F, Luton final effluent plus carpe ‘ail 
10 per cent. of soft alkylbenzenesulphonate; curve G, Luton = jackal 
_ settled sewage; curve H, Felling settled sewage. Peaks for soft — ie 
hard detergents shown at 7-08 and 7-31 respectively 
Several other amines—cyclohexylamine, NN’-diethyldiaminoethane, n-heptylamine, 
n-decylamine and n- dodecylamine—have recently been investigated for 
pte of the alkylbenzenesulphonate. Of these amines, only n-heptylamine is satis- 


factory and and its use improves the sensitivity of the infra-red measurement. __ ol Ange 


In the method described by Sallee and his co-workers,? total detergent is calculated from 


'... optical densities at 9-6 and 9-9 uw. It was found, however, that equal weights of the two 
types of alkylbenzenesulphonate, although giving the same optical density at 9-9 w, showed a 
4 per cent. difference at 9-6 4. Consequently, only the band at 9-9 » was used to1 measure 
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1961] BIOLOGICALLY SOFT AND HARD ALKYLBENZENESULPHONATES 5 
tai os Following the experimental use of the soft alkylbenzenesulphonate, he Department of y 
the Government Chemist reported to the Standing Technical Committee that the two types _ 
of differen frequencies for the in the 0- to 


‘Fig. 3. spectra of hard and soft alkylbenzenes. 
their heptylammonium sulphonates in carbon tetrachloride: 
curve A, soft alkylbenzene; curve B, 1-methylammonium soft 
_benzenesulphonate; curve D, 1-methylheptylamine; curve 
alkylbenzene; curve F, 1-methylheptylammonium hard 
alkylbenzenesulphonate; curve G, -heptylammonium hard 


soft and hard also exhibit differences in n the 7. to 7: region of the 

"spectrum. > _he hard type has bands at 7-20, 7-24 and 7-31 y, but the soft type has a band ig 

only at 7 24. The presence of a band at 7:31 pw in alkylate shows that hard material is . aan 

present. In practice, the soft alkylbenzene produced commercially has been shown to contain 

up to 10 per cent. of the hard type. _ The heptylammonium salts of the alkylbenzenesulphon- 

ates show two new peaks—one at 7-08 y for soft and one at 7-13 y for hard detergents; also, a ek 

there is an increase in the intensity of the peak at 7: 24 pw p for the heptylammonium salts. aeage ; 
Thus there are three bands that could be used for pion ntifying and determining soft and ~ S ke 

“hard detergents in the presence of each 08 the soft and 7: IS or 7-31 yforthe 
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4 ™ ~ is small, because the intensity of the band at 7- 24 pis appesiienntahy the same for both me 
and hard detergent - heptylammonium salts. It was therefore found better for quantitative 
determination to measure the hard-detergent content at 7-31 w and the total detergent at 
9-90 » and to obtain the soft-detergent content by difference. Confirmation of the results J 

_ for soft detergent may be obtained by comparing the peak at 7-08 » with known standard 

curves. Carbon tetrachloride is used for readings in the 7- ‘0- to 7-5-u region and carbon 

_ disulphide at 9-90 u. The peak at 9-90 u has been attributed to a sulphonate band and that 

at 7-31 ~ to a gem-dimethyl band; the peaks at 7-08 and 7-13 yw are believed to be due to 

~ overtone sulphonate bands. — The use of n- heptylamine instead of 1-methylheptylamine 

causes a relative increase in of the at 7-08 and 7-13 and increases the 


: Fig. 3 2, curves A, B, C and D are absorption spectra of heptylammonium salts of pure alkyl. 
We benzenesulphonates, and the change from hard (curve A) to soft (curve D) can be clearly seen. 
_ Spectra of heptylammonium salts of sikyensenensiphoneies recovered from settled sewage 

- and effluent are also shown in Fig. 2 (curves E, F, G and H). 4 Curve E is for Luton final 

effluent and, as expected, shows no peak for soft detergent at 7-08 w. Curve F is the spectrum 

of the same sample after the addition of 10 per cent. of soft detergent and shows the same 

relative absorption at 7-08 yx to curve E as curve B does tocurve A. Curve G is the spectrum 

of a typical Luton settled sewage of the period November, 1959; analysis gave 60 per cent. of 

7 _ soft detergent, and it can be seen that the curve is similar to the calibration curve for a 

_ solution containing 60 per cent. of soft detergent (curve C). _ Curve H is for Felling settled § 
_ sewage before soft detergent became available i in the area and shows no peak for soft detergen at 

The spectra in Fig. 3 show the improvement in sensitivity attained by using n-heptyl- J 

amine instead of l-methylheptylamine for extracting the alkylbenzenesulphonate. The 

peak at 7-08 » on curve C (n-heptylamine) shows an increase in optical density of 25 bond cent. y 
over the corresponding peak on curve B (1 


Al All materials should be of analytical grade. — 
-- Activated carbon—Use the fraction on of Nuchar C190 carbon retained on a ‘2 30-mesh sieve. 


Ey Desorption n solvent—Mix 2000 ml of methanol with 500 ml of chloroform, and add 25 ml 
n-Heptylamine or 1 -methylheptylamine. 
Mer Mercuric chloride solution, 5 perce cent. . w/v, aque aqueous. 


—- Place 25 8 of carbon on a 30-mesh sieve, and wash with detergent- free water until free 
from carbon “‘fines.”” Insert a cotton-wool plug into the column, and introduce the carbon A 
_ via a large funnel by means of a jet of water. Insert a cotton-wool plug on top of the carbon, 
- fill the column with water, and apply suction to the bottom or pressure to to athe du} the 
column to remove excess of water and tosettle the carbon, 
Weigh a representative pot portion of sample containing approximately lg gof alkylbenzene-_ 
a “sulphonate, dissolve it in water, and dilute to 1 litre. Measure 100 ml of the solution into a 
600-ml add 25 ml of concentrated acid, and boil gently 1 | hour, 


— 

awe a hard type. The peaks at 7-08 and 7-13 u are in close proximity and cause background re 
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‘reduding the volume't to about 90 ml. Continue as described under “Procedure for Sewage A 
with water to a 500-ml separating funnel. . 


PROCEDURE F FOR SEWAGE— _ 


> me Immediately after APRON add to the sample, as rici ercuric chloride solution — 
in the ratio of 2 ml per 10 litres. Place a portion of sample containing approximately 100 mg ‘ 
of alkylbenzenesulphonate into an aspirator bottle of suitable size, -and pass the sewage — 
; _ through the carbon column at approximately 2 litres per hour. Then pass through the column bate ‘ 
2-5 litres of desorption solvent at 25 to 30 ml per minute, and collect the eluate in two 2-litre _ 
\ beakers; maintain a head of solvent above the carbon during desorption. If traces of carbon — 
are carried through, remove them by filtering the eluate through a sintered- -glass filter of 
porosity 4. Evaporate the solvent on a steam-bath, and combine the solutions in a 600- -ml 
beaker when their volumes have been sufficiently reduced. Dissolve the residue in approxi- 
mately 100 ml of distilled water, add 25 ml of concentrated hydrochloric acid, and scr, il gently ; 
for 1 hour on a hot-plate so that the volume is reduced to about 90 ml. oe ipo wer -” — 
Transfer with water to a 500-ml separating funnel previously calibrated at 100 ml, and 
dilute to this volume. Rinse the beaker and transfer funnel with two 10-ml portions of — 
ethanol, and reserve the beaker for the subsequent amine - light petroleum extract. 4 
the separating funnel, and add 50 ml of light petroleum to its contents. Shake for 2 minutes, 7 oi 
allow to settle, and run the aqueous layer into a second separating funnel, leaving interfacial 
solids in the light petroleum layer. To the light petroleum extract add 15 ml of — | 
shake to dissolve the interfacial solids, add 15 ml of water, and shake for 1 minute. Run the i a 
wash layer into the main n aqueous layer, and | repeat t the washing once more with further 15- ml ., 
portions of ethanol a a a 
| To the main aqueous layer and washings 2 add 1 ml of heptylamine and then 70 ml of aie 
water to bring the ratio of ethanol to water to 1 to4. Extract with a 100-ml portion and then 5 , 
with four 50-ml portions of light petroleum, shaking the funnel for 2 minutes at each extrac- — < 
tion. Filter the extracts through a small plug of cotton-wool into the 600-ml sates ' previously — 
reserved, and evaporate the solvent onthe steam-bathh 
Dissolve the residue in methanol, transfer to a 50- ml calibrated flask, dilute to the mark, — 
and mix. By pipette, place a 5-ml and a 25-ml aliquot in separate 50- ml beakers, and evapo- | 
rate them to dryness on the steam-bath. _ Dissolve the residue from the 5-ml aliquot in 2 to 3 ml 
of carbon disulphide, transfer the solution completely to a 5-ml calibrated flask, dilute to the 
mark, and mix. Scan the spectrum of this solution from 9-0 to 10-5 4; use 0-8-mm reference = 
and blank balanced cells at a scanning speed of 1 yin 4 minutes. Measure the optical density 
of the band at about 9-9 yw; use a suitable base-line tangent to overcome background ines 
—_— . From a calibration graph determine the equivalent amount of total alkylbenzene-_ 
Dissolve the residue from the 25-ml aliquot in 1 ml of carbon tetrachloride, and transfer — 
the. solution completely, by pipette, to a 2-ml calibrated flask. Dilute to the mark, and 
_mix. Scan the spectrum of this solution from 7-0 to 7-5 ; use 0-8-mm reference and blank 
balanced cells at a scanning speed of 1 » in 16 minutes. Measure ‘the optical density of the 
band at about 7-31 yu; use a suitable base-line tangent, as shown in Fig. 2 (curve A). “From | 
a calibration graph calculate the equivalent amount of hard alkylbenzenesulphonate in the 
4 the hard- content ofthe alkylbenzenesulphonate from the equation— 
and the soft-detergent content the equation— Se 


Soft- deter ent ‘content, %= 100. — Hard- detergent content. 
Note—All of sewage effluent analysed showed little or no soft alkylbenzenesulphonate. 

ua However, it was found that the ratio of the optical densities at 9-9 p (total alkylbenzenesulphonate) _ 
- and 7-31 p» (hard alkylbenzenesulphonate) was not the same as that for manufactured ns Al 

q and settled sewage. This difference was attributed to partial break-down of the detergent, thereby | a: 
? fave the molecular weight. When applied to effluents, the calculation gave high values for 


soft-detergent content; for such samples it was preferable to determine the proportion of soft — 


detergent by evaluating the at 7:08 ‘(soft in to ‘that of 
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OGDEN, WEBSTER AND ‘HALLIDA’ 


Prepare aqueous solutions of the types ‘ot hard alkvlbenzenesulphonates 
_ current use and known mixtures containing 1 g of detergent per litre, and use appropriate 
- aliquots. _ The soft alkylbenzenesulphonate should show little or no absorption at 7-31 wp . For 
_ sewage, dilute the aliquots to 5 litres, and adsorb on carbon, etc., as detailed under “Procedure 


Mixtutes of the two types of alkylbenzenesulphonate were prepared. The infra-red 
spectra: of solutions treated by the full procedure were compared with those of solutions 
extracted directly with heptylamine and light petroleum, i.e., omitting adsorption on carbon, 
desorption, hydrolysis and extraction with light petroleum. "The recovery of total detergent 
by the full procedure was quantitative and the ratios of soft to hard detergent agreed closely 
_ with the theoretical values. Typical optical densities Seer: during c: calibration with both 


-methyl- and n- n-heptylamine are shown in ‘Table I. ster 


alkylbenzene Optical density (0-8-mm _ alkylbenzene Optical density (0-8-mm 
50 ml of 50 ml of 
0-305 
g0(S) + 20(H) 0-065 
60(S) + 40(H) (S) + 60 0-198 0-045 
-40(S) + 60(H) 159 + 70(H) 0-192 0-031 
20(S) 80(H) 0- 205 + s0(H) 0-198 0-020 223 
105 0-005 0- 132 10(S) + 90(H 0-199 0-013 0-247, 
208 0-006 0-261 199 Nil (0-267 
*(H) = (S) = soft alkylbenzenesulphonate. baa. 


+ A 5-ml aliquot evaporated to dryness; residue dissolved in 5 ml of carbon disulphide. sate fie 
a t A 25-ml aliquot evaporated to dryness; residue dissolved in 2 ml of carbon tetrachloride. a 


a1 


_ Production samples from plants making the two types of detergent have been analysed. 
Results for the product from a plant making only hard detergent have invariably been 100 

_ per cent.; typical results for soft-detergent contents for samples from a plant making mostly 
product of this typeranged from 

ii method was usefully applied when the latter plant began production of soft alkyl- 

_ benzenesulphonate, which was only a small fraction of the total output of detergent. The 
method was used successfully to monitor the production of soft detergent when changing 

- ae check the distribution of the product frequent retail purchases were made in the 
‘Luton area. Composite samples were analysed and the results were compared with an 
evaluation by carton codes. After the initial plant problems had been overcome, 7 7 

found that results by the two methods agreed to within 5 per 


soft alkylbenzenesulphonate w was into the ‘tae appearance 
of soft detergent was monitored in Luton settled sewage. As the new detergent became avail- 
able to consumers, the amount of soft detergent in the settled sewage slowly increased, over a 
= of several months, from 47 to almost 75 per cent. A check on manufactured detergent — 
, 7 on sale in Luton shops in November, 1959, showed that 70 per cent. was of the soft type, and 
the comparative analysis of the settled sewage showed 63 per cent. The latter figure is 


me expected to be aw lower, because of the ae sees stocking i in the shops and 
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use by consumers ad during passage of the sewage to the sewage 


_ Known additions of soft alkylbenzenesulphonate were made to samples of settled sewage 
and effluent, and the soft-detergent contents were determined before and after the additions. 
The results are shown in Table II and indicate close agreement with the theoretical. Felling y 
settled sewage A was sampled when no soft detergent was on sale in the area, and eecpetien mS 
was taken some weeks later when soft detergent was becoming available. > 
OF 


KYLBENZENESULPHONATE ADDED TO SEWAGE SAMPLES 


-detergent content of alkylbenzenesulphonate- 


Felling settled sewage B. as. 63 


Estimated from band at 7-08 » by comparison with standard curves. 


_ The proposed method is satisfactory for determining biologically soft detergent in manu- 
factured detergents and sewage. It has been found most useful in the evaluation of the 
Luton ‘Experiment and should be of value to sewage works and water authorities. The 
method is accurate to within +3 sinatra cent. for manufactured detergents and to within +5— 


1. Truesdale, G. A., Jones, K., and Vandyke, K. &. Water Waste Treatment J., 1959, 7, 441. ie 
2. Sallee, E. M., Fairing, J. D., Hess, R. W., House, R., Maxwell, P. M., Melpolder, F. W., Middleton, a 
F.M., Ross, J., Woelfel, W. C., and Weaver, P. Anal. Chem., 1956, 28, 1822. 
Fairing, J. D., and Short, F. R., Zbid., 1956, 28,1827. 
4. Webster, H. L., and Halliday, J. ‘Analyst, 1959, 84,552, 
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A Simple Titrimetric Method - for the Assay of Thiols 


British Rubber Producers’ Association, 48-56 Tewin Road, ‘elwyn Garden City, Herts. 


"Aliphatic saturated and unsaturated thiols can be determined by their 
, fi i, reaction with silver nitrate in aqueous pyridine. The pyridinium nitrate 


formed in direct equivalence to the -SH groups of the sample is then deter- 
_ mined by titrating with standard alkali. Provisional details of the accuracy _ r 7 


NUMEROUS methods are available for determining thiols either at the microgram level or for 


highly accurate determinations of purity on relatively large samples. Emmet Reid’s! review 


|: this general topic permits an appreciation of the various improvements that have — i 


thiol,? is virtually instantan 
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A 


SIMPLE, METHOD 


aliphatic ‘thiols with iodine in benzene are dows ‘and it may be: several 


hours before the excess of iodine can be confidently titrated. Further, iodine titration or 
Determinations based on reaction of the thiol with mercuric or silver salts, the excesses of 
__ which are noted by amperometric,® potentiometric® or chemical methods, do not suffer fror 4 
_the selectivity shown by the iodine methods. However, these methods are subject to inter- 
ference from ions, such as CN~ and Br-, that form insoluble precipitates or stable complexes 
= silver ions.5 Further, other organic sulphur compounds present in the thiol may form 
complexes with silver ions and so give results for thiol that are too high. Nevertheless, the 
_ reaction of thiols with silver ions provides a less ambiguous procedure for determination if 


we consider the protons released according to the equation— mating 


Determination ¢ of the acid liberated in this ‘rather than « of the excess | of 


= left in solution (a procedure doubtful in neutral or acid solution, in which RSH is precipitated, 
“Usually, as AgSR.nAgNO,, where m is non-integral when silver nitrate is the precipitant) J 
gives a direct measure of the -SH group, since it is only this group that can supply protons. 
_ Provided, therefore, that excess of silver salt is present after the silver mercaptide (AgSR) 
has been formed, there can be no interference by precipitable anions from neutral salts. 
Methods based on this theoretically more mature principle have been proposed by Sampey 
and Emmet Reid‘ and by Mapstone.? The former workers! utilised the related reaction 
involving mercuric chloride and titrated the liberated hydrochloric acid to a methyl red or 
methyl orange end-point; the disadvantage mentioned was that the rather acidic solution 
at the equivalence point in the titration led to slightly low results. Titration to a higher pH © 
was impossible, since mercuric oxide or hydroxide would have been formed, thereby invali- 
dating the titration. Mapstone’ used silver sulphate and titrated the liberated sulphuric 
A simple procedure, suitable for determining the purities of higher aliphatic unsaturated 
and tertiary thiols, is proposed in this paper. A weighed amount of the thiol is added to an 
excess of silver nitrate dissolved in aqueous pyridine, the mixture is diluted with water, and _ 
a the pyridinium nitrate formed is titrated with standard alkali to a phenolphthalein — basal 4 


The reaction, involving co-ordinated silver ions (Py,Ag*), i 


The use of the aqueous pyridine solvent has several 


(i) The thiol is soluble in this medium, so that the mercaptide precipitate does not 
(ii) Since the silver ions are co-ordinated, thee is. little possibility of the phenol- 
pag phthalein end-point being in error. 
saad _ Decomposition of the silver salts of certain unsaturated thiols to ‘silver sulphide, a — 
reaction occurring in the presence of excess of free silver ions, isavoided. 
— The removal of free protons, as PyHt+, ensures that the mercaptide- -forming reaction - 
and that the reverse of equation (l)isavoided. 


Sodium hydroxide, N, agueous—Standardise this solution with pure potassium 


a ‘Tol: 5 ml of pyridine in a stoppered 250-ml conical flask add from a dropper an accurately 


weighed amount (0-0010 to 0-0018 mole) of the thiol. As soon as possible, gradually add from | 
a pipette 5 ml of the silver nitrate solution. Insert the stopper, and set the flask aside for i 
= minutes. Add about 100 ml of distilled water and 3 to 4 drops of phenolphthalein indicator — 
solution, and titrate with 0-1 N sodium hydroxide to a light-pink end-point. Note that the 
end- -point i is often recognised as a change in the colour of the yellow silver mercaptide to ancl 


— 
Jam 
— 
the: 
— 
— 
CAL 
4 
Th 
| 
h 
> 
| 
E 
| 
| 
|. 
a 


FOR THE ASSAY: ‘THIOLS 


A simple mixture of the silver nitrate solution and AnalaR pyridine was found to be 


neutral to phenolphthalein and sensitive to 1 drop of added 0-1 N sodium hydroxide; hence, uae 


no blank correction is mecessary. 


The percentage purity of the thiol is given by the expression— 


“The method was toar range of thiols Ethanethiol and 2-methyl- 
propane-2-thiol (practical grade) were Eastman Kodak products. The others were synthesised 

_ by myself and by Messrs. D. Lee and B. R. Trego of these laboratories; details of the methods _ 

. _ The results are shown in Table I and indicate that the method can be applied tothe 

assay of both saturated and unsaturated primary and secondary thiols and to tertiary : Ae 
phatic thiols. __The validity of the method is shown particularly by the results for 2-methyl- 
pentane-2-thiol,® since this compound was shown to be pure by careful gas - liquid chromato- | 

graphic examination. , is therefore considered that the anise found for the other = 


a Molecular Weight of sodium Calculated 


4 | 


2-Methylpentane- -3-thiol 118-2 1546 12-80 


3-Methylhexane- ‘thiol. 23 1498 bas, 11-25 


1296 75 


202-4 
_ * Results for this thiol refer to the contents of commercially supplied ampoules i im i y after wig 
Extra silver nitrate solution because of high weight of sample. droit 


Commercial sample after re-fractionation. _ 
+ 


_ The reproducibility of results by the technique can be judged from the anata fet but- na 
-ene-1-thiol and 4-methylpent-3-ene-2- -thiol. ol. These two s sets of results Shs that a a mean 
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ACID 


etter of 0-14 per cont. _and a maximum desteile of 0. 37 per cent. might be accepted as a 


provisional description of the consistency of the method. 


Lam grateful to Mr. F. H. Devitt for experimental assistance in this work, which ltt 
OS of a programme o of research undertaken by the Board of the British Rubber Producers’ 


= Emmet Reid, E., “Organic of Bivalent Sulphur,” Chemical Co. ‘Inc., 
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_ The Use of Formaldehyde-treated Alginic Acid in the | 


Chromatographic Determinatio n of Organic Bases 
(Standards Department, Boots Pure Drug Co. . Ltd., Airdrie Works, Airdrie, Scotland) for 
&§ Alginic acid, after suitable treatment with formaldehyde, can be used as to 
carboxylic cation-exchange medium for the quantitative separation of organic Te 
bases from solution. The adsorption from aqueous solution and rated pe 
A elution and spectroscopic determination of fourteen organic bases, and also 
the determinations of codeine phosphate in Compound Tablets of Codeine B.P. _ Py 
strychnine in Prepared Nux Vomica B B.P.C., (1954, and Tincture of | 
Recovery experiments were satisfactory, and the assay results forcodeine PI 


and strychnine in the pharmaceutical preparations agreed with those found T 
by the official methods. i 


THE chemicai structure of alginic acid differs only slightly from that of oxy _— ‘The use 
of oxycellulose as a carboxylic cation-exchange medium was described by Freeman! and 
- enlarged upon by Elvidge, Proctor and Baines? and Elvidge and Proctor.* However, 
oxycellulose is somewhat expensive and at present is not readily available in Britain, whereas 
alginic acid is cheap and easily obtainable. Both alginic acid and oxycellulose are practically 
insoluble in water; unfortunately, commercial alginic acid swells on contact with water and { 
3 this condition is useless as an ion-exchange medium, as no liquid will pass through a column — 
of it. It has been stated that the “gelling power’’ of alginic acid and its salts is a function of a 
‘molecular weight, so it was thought that if commercial alginic acid could be broken down to | 


tin polymerised molecules, so that it lost the property of swelling in water, but at the same 


time retained its insolubility, it might also serve as a medium for adsorbing organic bases from 
_ solution. Several treatments, ¢.g., heating under reflux with water and with various concen- 
trations of hydrochloric and sulphuric acids, were tried without success, 
_ Specker and Hartkamp* devised a method of minimising this adsorption of water sae 
- consequent swelling and used alginic acid for separating certain metallic ions from aqueous — 
_ solution. Their method of preparation was to precipitate alginic acid from a solution of 
7 r, sodium alginate, separate the precipitate, steep it in methanol for several hours, wash it with 
acetone and dry it at a temperature not exceeding 50° C. Alginic acid so prepared did not 
immediately “gel” when treated with water and was found quantitatively to remove some 
== bases from neutral solutions of their salts—we obtained excellent recoveries of quinine 


and strychnine by the method described later. However, with certain bases having low 
extinction coefficients, e¢.g., atropine and methylamphetamine, when relatively large amounts 
7 4 were adsorbed on the column it was found that the top layez ‘ ‘gelled, areata stopping 
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any flow of liquid. Further, being set aside for under water, the columns 
of alginic acid prepared by Specker and Hartkamp’s method became impervious to water or, 
at best, allowed a much diminished and inconveniently slow rate of flow, even after being 


stirred and then allowed to settle. _ Alginic acid prepared as described below was found to 
It is known that heating with formaldehyde prevents ‘ ‘gelling”’ of starch, an 
alginic acid and starch have molecules of the same general type, it was thought | that nol . 
treatment might have a similar effect on alginic acid. Deuel,® while investigating the 
eaction of pectic acid with formaldehyde, mentioned that alginic acid reacted similarly and ~ 
noted that the resulting product was insoluble in water. He also indicated that the pectic 
acid - formaldehyde complex could be used as a cation-exchange medium and mentioned the 
removal of copper and nicotine from aqueous solution, without giving any quantitative details. 


The product obtained by us did not form a gel when treated with water, was ae 


assay was obtained. Alginic acid, HA LE, obtainable from Algi 


ACD 
acid was well mixed to a damp paste | with formaldehyde 
solution (40 per cent.). This paste was heated in a loosely closed screw-capped jar at 80° C 
for 8 hours and was then transferred to a clock-glass and dried at 100°C. (Overheatiug x 
should be avoided or the product will turn dark brown; this does not appear to be detrimental : 
to the base-exchange properties, but the alginic acid is difficult to wash clean for use.) The _ 
resulting cake was broken up and sifted through 22- and 100-mesh B.S. sieves, the granular ‘ 
powder remaining between the sieves being reserved for us 


_ Pyrex-glass tubes of internal diameter about 1-5 to 2cm were used. 
prepared alginic acid were made into a slurry with about 50 ml of 10 per cent. w/w decors % 
| acid and transferred to the tube, which had been previously plugged with cotton- or at 


wool. The alginic acid was allowed to settle, and a second plug was placed on 


acid until the washings had no measurable extinction besten 220 and 350 mu and then with 
water until the effluent was no longer acid. A rate of flow of upwards of 5 ml per minute _ t 
could be obtained without applying air pressure to the top of the column; in fact, pressure’ 
tended to compact the column material and so reduce the rate of flow. A rate of about 1 ml as 
per minute was used to obtain the results in Table I, but results were similar when some of the 

were vate with a 3 ml pe minute. When n not in use was 


in N acid, were measured at their of ‘maximum 
| cuvettes were used, with Nn sulphuric acid in the comparison cuvette. Aqueous solutions of _ 
suitable concentration were then prepared, each of which was treated as described below. 


An aliquot was transferred to the column, which was then washed with two 25- ml 
- portions of water, and the base was eluted with a suitable volume of N sulphuric acid, 
% optical density being measured at the peak wavelength, as before. Recoveries were a 
_ based on  comparisen of optical densities before and after passage of the base through the 2 


ae recoveries reported i in this ‘Paper w were calculated in this manner; details 2 are 


it was for further use. 


+ 
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USE OF ALGINIC ACID ; 


Procedures for determining codeine phosphate in Compound Tablets of Codeine B.P. 
and of strychnine in Prepared Nux Vomica B.P.C., 1954, and in Tincture of Nux Vomica 
P. were from existing methods involving use of oxycellulose columns. 
5 


RECOVERY OF BASES FROM AQUEOUS SOLUTIONS ; 


teat? solution ‘compound sulphuric Wavelength — + bated 


placed on _ placed on acid of optical-density. Recovery 


Compound ie sed column, eluate, measurement, of 


100-0 


rocaine rochioride 
Strychnine 


ride 


men was plied | in this laboratory and later modified slightly i in order to use alginic 


acid as material. The method described below based on Elvidge’s pro- 


ad a twenty tablets in a dry, stoppered | flask add 200 ml of water by pipette, and 
shake the flask for 20 minutes. _ Filter the contents through a Whatman No. 30 filter- 

aa paper, and reject the first few millilitres of filtrate. Pass 10 ml of filtrate through the 
column, and wash with two successive 25-ml portions of water. Elute the codeine to 
volume into a 100-ml calibrated flask with N sulphuric acid, and measure the optical 


Sensi of the eluate at 284 my in a l-cm cuvette; use N sulphuric acid in the comparison 
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s 8-32 mg per tablet, with a standard deviation 0-13 mg per tablet. In these experiments, the 


Low codeine phosphate might be expected, since the ‘slkaloid hes. to 
won from a solution more acid than that used in the simple recovery experiment already ies 
detailed. A standard solution of codeine phosphate in saturated acetylsalicylic acid solution — 
was prepared, the concentration of. codeine phosphate being that calculated to be present 
when the method was applied to the tablets. - Recoveries of 100-0, 99-7, 99-0 and 99-7 per ee 
cent. were obtained; these were calculated as previously described. 
In further recovery experiments, two mixtures were prepared (each equivalent to twenty - 
tablets) from accurately weighed amounts of codeine phosphate, aspirin, phenacetin and tablet 
excipient. These mixtures were examined by the proposed method.  Bour, aliquots: of cech 


— were assayed for codeine phosphate ; the results were— 


‘Recovery of codeine phosphate from mixture No. 1, its ++ 1000 0, 100-0, bi 100-0, 99-7 
Recovery of codeine phosphate : from mixture No. 2 2,% 99 5, » ‘ 

To examine the precision of the method further, were made on aliquots of 
filtrate obtained from twenty tablets. Weights of codeine phosphate found per tablet were o 
0-00771, 0-00771, 0-00766, 0-00760 and O-O0706 go 
_ To compare the method with that described in the British Pharmacopoeia the results, _ 
taken at random, of a hundred determinations on production samples were examined. - : = 
the B.P. method, the range was 7:52 to 8-30 mg of codeine phosphate per 1 tablet, with , 


standard deviation of 0-13 mg per tablet. The proposed method gave a range of 7-49. 


optical density was 8 compared. with that of a batch of codeine phosphate used i in preparing — 


EXTINCTION VALUES FOR STRYCHNINE AND BRUCINE a5y 


Weis: tes Measurements at 262 1 my Measurements at 300 me 


Average value Coefficient of 


value Coefficient of 


‘Strychnine 
B 
rucine 


__Nux vomica contains strychnine and’ equal 


h t, = 0-00321A — 0-00467B, 


in which A and B are the o eptieat ‘dealt (1-cm cell) of the solution at 262 and 300 fe 
respectively. This equation was derived* from the values of E}%, for the two alkaloids at a 
these wavelengths (see Table II); it was later emended in a personal communication from ‘ 
Mr. K. A. Proctor. These wavelengths were selected as being the most suitable because the ‘. 
“composite absorption curve has a maximum at 262 my and a point of inflexion at 300 my. ee 
_ For nine different preparations, Elvidge and Proctor? found that strychnine and brucine . 
could be quantitatively adsorbed on oxycellulose, washed free from impurities, eluted with es 
acid and then determined’ by the two-point method. We have examined two of these 
preparations and have found that alginic acid can replace oxycellulose as column material. ms 
We see no reason to that it would not be suitable fe for the others 


Five millilitres of sample were diluted to 100 ml with 95 | per cent. ethanol. A 10-ml 
portion of this solution was placed on a column consisting of 3 g of alginic acid, washed with — 
25 ml of ethanol and then with 50 ml of water, and the alkaloids were finally eluted to volume | 
into a 50-ml calibrated flask with N sulphuric acid. Optical densities were measured at 
5 Nine aliquots ¢ of the diluted tincture were treated in this way. Six results of 0-125 per > 

cent. and three of 0-126 per cent. of strychnine were obtained; the official chemical assay 
gave 0-125 per cent. of strychnine. 


1961] CHROMATOGRAPHIC DETERMINATION OF ORGANIC BASES 
omica 
9-5 
0-4 
0-8 
9-8 
+ 3 Ce 
9-4 
9-3 
96 
0-7 
— 
0-4 
— 
0-5 ine 
0-0 
0-2 
0-9 
9-3 4 
9-8 | 
19-8 
9-9 
00-0 
00-0 
0-5 
alginic 
’S pro- 
igh the — 
eine to 


‘AND “TURNER: “Tae DETERMINATION 


4 10 p per cent. ethanol for 2 hours. “was 
brated flask and diluted to volume with 70 per cent. ethanol. A 5-ml portion bet this solution jf 
Was placed on a column consisting of 3 g of alginic acid. The column was washed successively | 
_ with 10 ml of ethanol, 50 ml of chloroform, 10°"\ of ethanol and 50 ml of water. The 
_ alkaloids were eluted to volume with N sulphuric acid into a 50-ml calibrated flask, and “a 
optical densities of the eluate were measured at 262 and 300mp. 
_ The assay was carried out in duplicate on two separate portions of the original sample, 
each of the two ethanolic extracts being assayed in quadruplicate. _ Strychnine contents of 
_ — 24, 1-24, 1-25 and 1-25 per cent. and 1-27, 1-27, 1-27 and 1-27 per cent. were obtained. 
Th ese results agreed well with the figure of 1- 25 per cent. by the B.P. method. ey. a 


_ Formaldehyde- -treated alginic acid has been shown to act as an ion- exchange medium 
for. the separation of organic bases from their solutions. — It is similar in activity to oxy- 
cellulose and is superior to it in a number of ways.  Alginic acid is much cheaper and 

_ is readily available in this country, but it requires treatment with formaldehyde before it 
as be used with aqueous solutions, whereas oxycellulose can be used directly as received. 
_Formaldehyde-treated alginic acid is more stable and does not need to be stored in a refriger- 
ator (as does oxycellulose). In our hands, after a few weeks of use, columns of oxycellulose 
have compacted so tightly as to give an inconveniently slow rate of ‘flow, which could not be 
_ improved by stirring the column and allowing it to settle. By contrast, columns of formalde- 
_ hyde-treated alginic acid (3 g) have been in daily use for more than 6 months with no more 
treatment than occasional stirring and settling and then decantation of fines, without any 
noticeabledecrease inthe rateofflow. = = | 
__ In experiments to check the adsorbing power « of formaldehyde- -treated alginic acid, a 
-3-g column adsorbed 100 mg of strychnine (as 5-ml aliquots of a 0-1 per cent. solution, 
washing with 50 ml of water after each aliquot at a flow rate of 4 ml per minute); the liquid J 
leaving the column was free from strychnine during the experiment. = = & 
_ The carboxylic acid content of the dried powder after treatment with formaldehyde, 
_ calculated from a potentiometric tit: titration of the acidity, was about 25 “i cent. for the HA 1A/L LE 
grade of alginic. acid. 


Elvidge, D. A., Proctor, K. A., and Baines, C. B., 1957, 82, 
D. A., and Proctor, K. Pharm. Pharmacol., 1957, 9, 974. 
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A Karl Fischer titration procedure has been developed for the dint Baa) a 
determination of water in plastic materials. The method has proved fF particu- _ 


pale) 

. & THE | presence of water in plastics may be deleterious for a number of reasons. _ For instance, 
it is well known that polyethylene containing carbon black may absorb moisture, which will 

give rise to extrusion problems, such as bubbling, during subsequent processing. — It is there- 
fore desirable to be able to determine trace amounts of water in plastic materials. obs 
_ Methods involving use of drying procedures for determining water in plastics are unsatis- 

factory, as they do not distinguish between water and any other volatile material that may be 

‘present. _ Water present on the surface of polymer ones ay be determined readily by 
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Deuel, H., Helv. Chim. Acta, 1947, 30, 1269. 
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OF ‘WAT ER IN E PLAST 


‘titration with Karl Fischer reagent. ‘The polymer granules are introduced into a cell co 
ing the neutralised reagent and the free water is titrated directly. Low values are usually — 


§ found for surface moisture, however, even when the properties of the product indicate high 


contamination by water. The total moisture present, including that absorbed internally — 

by the granules, must therefore be « determined, in order that the ys will relate to the | 

Hasls am and Clasper’ determined the total- content of nylon by heating the sample 


titrated with Karl Fischer reagent. Quantitative trapping of the liberated water may 
difficult under these conditions, however, particularly when the water content is low. anes. a 
procedure for determining the total-water content of plastic materials also involves 
use of Karl Fischer reagent, but the method for separation and subsequent titration of the 


water is different. Our method consists in passing a stream of dry nitrogen over the sample, 2 


Pig. 1. determining wat water in plastic materials ials 
which is maintained at 120°C. The water ovmnuetns from tee sample into the stream a aw 


nitrogen, which is passed into a = cell, where the water is titrated with Karl Fischer 


a The water usually volatilises from the s sample i in about 15 minutes, and 1 nitrogen is s passed 
for a further 15 minutes to ensure that the sample is dry. The total time for a determination 


is therefore 30 minutes, be carried out consecutively without loss of time 


-APPARATUS— 
« train is shown in Fig. 1. It consists a pressure- the 


- nitrogen supply and a drying tower to remove any water present in the nitrogen. The sample 

is contained in a glass tube fitted with a stoppered side-arm. The nitrogen enters the sample 

tube at the bottom, passes through the hot t sample and thence to a Karl Fischer titration © 

assembly designed for the analysis of gases. _ The cell contains about 20 ml of reagent at the 

“‘dead-stop” end-point indicator consists of a simple potentiometer circuit, 

applies an e.m.f. of 100 mV to the electrodes of the titration cell; the current flowing is indi- 

cated on a milliammeter connected in series with the cell. Such a circuit has been described _ 
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Karl Fischer reagent—Prepare the reagent as as described by Peters and Jungnickel.? 
if This solution has low volatility and will not volatilise into the stream of nitrogen. Adjust 


the concentration of the reagent so that 1 ml is equivalent to approximately 3 ™ of water, 


<6 4 ; 
a: Switch « on the hot- plate, and adjust it so , that the oil bath maintains a temperature of 
120°C. Adjust the cell to the “‘dead-stop” end-point by titrating with reagent, and start a 
steady flow of nitrogen through the apparatus, which is assembled as shown in Fig. 1, the 
4 glass tube immersed in the oil bath being empty at this stage. _ Adjust the flow of nitrogen 


_ Add 0-1 ml of Karl Fischer reagent to the contents of the cell; the “dead-stop” indicator 
will swing to the “dry’’ side. As the apparatus dries, traces of water will enter the cell and 
- the indicator will slowly move back to the reference point. As the indicator reaches the 
reference point, add a further 0-1-ml portion of reagent. — Repeat additions of reagent in this 
_ way until nitrogen passes for 15 minutes without causing the “dead- -stop” indicator to move 
_ from the “dry” side back to the reference point. The apparatusisnowdry. = 
_ The indicator will slowly reach the reference point, and, when this happens, remove § 
the stopper from the side-arm of the glass tube immersed in the oil bath. — Rapidly transfer a 4 
_ weighed amount of polymer (about 20 g) to the tube, and replace the stopper in the side-arm. § 
Note the volume of reagent in the burette, and add a 0-1-ml portion to the contents of the § 
cell. Water liberated from the polymer passes to the cell and causes the indicator to move 
back to the reference point. Each time the indicator moves to the reference point, adda § 
When all the water has vaporised from the p polymer, the 1 nitrogen will pass for a long time 
while the “dead-stop” indicator remains on the “dry” side of the reference point. _ Take the B 
_ end-point as being when a 0-1-ml portion of reagent keeps the indicator on the ‘ “dry” side of | 
_ the reference point for 15 minutes. Record the volume of reagent added from the time that 
the — was introduced, and calculate einai water content of the polymer fro from the 


Ae 


F 


W x 10 x 


_ where V is the volume of reagent used, in in millilitres, Wi is the wwtight of sample, in grams, and 
Fi is concentration of the Karl Fischer reagent, in milligrams per 
ACCURACY AND REPRODUCIBILITY 

The method has been found particularly useful for determining water in ‘snc 
stabilised with carbon black. . Tocheck the accuracy of the method in this particular applica- 
tion, we stored several weighed dishes, containing accurately weighed amounts of a sample of 
black polyethylene moulding nibs, in a desiccator over water. Water was determined on the 
original sample and a daily note was made of the increase in weight of each dish. We calcu- 
_ lated the increase in water content occurring each day through pick-up of moisture and added 
this to the determined water content of the original sample. This gave a daily value for the 
total water content of the nibs, the only a: assumption being that the original water determina- 

_— Each dish contained sufficient black polyethylene to allow us to carry out a water deter- 
- mination, and - parallel comparative water determinations by the proposed method were 


we Water content by increase, % w/w . 0-071 084 "9.06 -090 0-100 0-113 
Water content by proposed method, % w/w.. 0-080 0-090 0-096 0-106 


_ from which it can be seen that the direct determinations gave values in close agreement with — 

the water contents obtained by measuring the increase in weight. 5 
__ At the end of the 7-day period the surface moisture on the two remaining dishes was — 
determined by the direct Fischer titration method. The low values obtained for surface - 
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nd 0-014 per indicated that the water had permeated 


interior of the nibs and been adsorbed on the charcoal black, 
, | The method has now been regularly applied for some 2 years, during which time several | ie 


S hundred determinations have been made on a variety of plastic materials. The results — 
| obtained over this period indicate the reproducibility of the method to be of the order of — 


+ 10 per cent. of the water content determined when this i is in the region of 0-0 to 0-5 per cent. — 


. 4 We thank the Directors of Shell Chemical Cam any Limited for ermission to publish — 
y Pp 
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T use of fast in trace analysis is described. are give! 
of a method of producing a large flux of 14-5-MeV neutrons suitable for activa- 
tion analysis; the cost is about £20,000. Suitable reactions, together with Dery oe 
eross-sections and probable limits of detection, are quoted for nearly all the 


7 HE determination of trace elements by activation with thermal neutrons is now a well <7 
established technique! and the sensitivity of this method for many elements is higher than ke 
that of any other conventional physical or chemical method. The chief disadvantage is the 
scarcity of reactors having suitable neutron fluxes and containing facilities for irradiation; 
also, when the nuclear products are short they can only be examined in the vicinity of the ; 
reactor. To overcome these difficulties De and Meinke*® used a 1- to 5-curie antimony - 
beryllium source emitting about 10® neutrons per second, but for most elements a higher 
neutron flux is required to attain the necessary sensitivity. eat 31 Dama od bined oe 
In this paper the use of fast neutrons in analysis is discussed. ~ One of the chief aims is to 
show that an adequate flux of fast neutrons for trace analysis can be obtained at comparatively” 
low capital cost. Neutrons of 14 MeV are produced by bombarding a tritium target with 


deuterons from a suitable high-voltage generator, usually a Cockroft - Walton machine, and — 


_ these are used to activate the samples for analysis. Many elements can be determined in this - ; | 


_way with high sensitivity, and several common elements difficult or impossible to detect with 
- slow neutrons can be readily determined by activation with fast neutrons. 
__ Fast neutrons have been little used in trace analysis, with the exception of the determina- _ 


rath iw NUCLEAR REACTIONS S WITH 14-MeV | NEUTRONS 
With slow neutrons, ;, there is ; mostly ‘only one possible neutron reaction, i.e., radiative 

capture, but with fast neutrons many reactions are possible, the most useful being (n, b), 

(n, a) and (m,2m). With 14-MeV neutrons, the first two predominate for the lighter elements, © 
but decrease with increasing atomic number; the (n,2n) cross-section increases with atomic — 


Che cross-section for the (,y) reaction is usually too small for analytical purposes. it has 
been measured by Perkin, O’Connor and or and for most elements is about 5 milli- - 


= 


a 


Teen and for elements having atomic numbers greater than 50 is usually 1 to 2 barns. a 
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metimes the nuclide formed from one element Ppp be formed by another reaction | 


= an element differing in atomic number by one or two. For example, *°Co(,«)®*Mn and 
_ 56Fe(n,p)°*Mn have the same final product. Whenever possible, one should choose a reaction JM tra 
3 which the nuclide produced cannot be formed from any other element. If this is not @ car 
possible, and other reactions contribute the the nuclide the contribution in| 


energy must be 107 KeV at some point in the target. we 

In most of my work the deuterons were accelerated by a Cockroft - Walton machine to ff ha 

- energies of about 300 to 600 KeV. The tritium was usually in the form of a titanium or §@ be 
_ zirconium tritide target, 8 mm in diameter, and the deuterons were completely stopped in the 
target. When a target of about 5 mg of titanium per sq. cm and a titanium to tritium atom 
_ ratio of 1 was used with a 50-A beam of D* ions, outputs of 3 x 10!° neutrons per second were 

‘ achieved, giving a flux of about 10!° neutrons per second per sq. cm through a sample placed | 


su 
close to the back of the target. Other workers have produced larger yields of neutrons, @ th 
4 e.g., Bronner and his co-workers’ claimed 10" to 10 neutrons per second from the Arkansas @§ {c 
_ machine spread over a target 3-2 cm in diameter, but, because of the cooling system, only § 
_ 7 per cent. of the neutrons will pass through 1 sq. cm of ‘sample close to the back of the target. @ n 


— _ Gunnersen and James® have shown that it is possible to produce 10° neutrons per pA per 


- second with 125- “KeV deuterons, , provided that the amount of oxide and carbon on the surface 


are obtainable, it should be possible to produce 10 neutrons per second from a high-voltage 
_ power pack, provided that the target does not overheat. Above 230°C, the tritium targets 
— begin to lose tritium, and a beam of 10 mA per sq. cm will rapidly exceed this temperature if 
special cooling is not applied. In addition to cooling the target area, the heat generated per 
_ sq. cm should be reduced. This is best achieved by having a large target, say, 50 sq. cm, and = 
7 = it rather than sible — the deuteron beam over a yo area. te careful design 


-150- Kev deuterons would be about £8000 to £10.08 000. A source of 10 neutrons require 
careful shielding (about 8 feet of concrete would be necessary). “For activation analysis it is 
“unnecessary to have a large scatter-free space around the neutron source and so the shielded 
volume could be small. It has been estimated that a building large enough to house the 
accelerator and controls and shield a target room 7 feet square and 7 feet high with concrete 
~ would cost £6000 to £10,000. A ieicly versatile source of 10! neutrons could therefore be 
made for a capital cost of £20,000. For the purposes of this paper, however, a flux of 
neutrons through the sample will be assumed, as this is available in 

. The sample to be irradiated must be placed as close to the neutron source as possible i in + 
order to Bet a maximum number of neutrons it, must also a well 


dered in a holder. The be irradiated for a 
time similar to the half-life of the reaction product or for a few hours, whichev er is shorter. 
_ _ The output of neutrons from the target is monitored by a “Jong counter,” the = 
. being fed via a ratemeter into a fast recorder. The neutron output and the time of irradiation a 
_ are measured on the recorder chart. At the end of the irradiation, the samples are counted © 
oe directly or, more usually, treated by conventional chemical techniques to separate the desired 
nuclide from the impurities and then counted. For a residual nucleus having a half-life of | 
the order of a few seconds, special techniques, such as those described by Coleman and Perkin,® — 


for the precise timing of the irradiation and rapid transfer of the tarzet to a counter or aan: 


ical-separation apparatus are necessary. 
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rt - To determine trace amounts of any y element in a sa sample, both the sample and a on 
of the same size containing a known, weighed and evenly distributed amount of the element — 
being determined are irradiated, processed and counted in the same way. The activity of the 
trace element is normalised to a fixed neutron flux, and the amount of impurity in the sample — 
can then be inferred from the standard. This method overcomes most of the difficulties - A, 


in obtaining accurate results by atk errors in counter calibration an and in variation of na 


= T he si sensitivity of the method for all the stable elements and uranium and thorium has . 
been calculated, cross-sections taken from several sources!9,11,12,18 being used; the results are 


§ shown in Table I. For these calculations, a final activity ‘of 100 disintegrations per —— 


was required when irradiated in a flux of 10" neutrons per second per sq.cm. The sensitivity 


m™ has been calculated for irradiations of 4 hours and to saturation. — " Generally, 4 hours would aa 


§ be as long as one would want to spend on the irradiation, particularly if the chemical separa- 
| tions and counting had to be completed during the same day.) Some reactions have been 


| included in Table I when the cross-sections are unknown, but the sensitivity for these elements" 
s would usually be at least 1 pe. _ No correction has been made for radioactive decay. As _ 
| suggested above, it should be possible to ‘produce fluxes of fast neutrons considerably larger : 


ansas 
only 
irget. 
A per 
irface 
trent 
irgets 
ure if 
d per 
, and 
esign 
mple 
im of 
quire 
itis 
| 
e the | 
erete 


than 10° and this would increase the sensitivity and make the method even more attractive 

_ The intefering elements listed in Table I are those oer s capable of producing the s same 

nuclide by another reaction with fast neutrons. The (n,y) products are not listed, as these 

would normally be lower 1 in intensity by a factor of of 100 ) and could only interfere af, present in- 
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"ELEMENTS BY FAST-NEUTRON ACTIVATION. ANALYSIS. 


ABLE (com 
any 
d Element reaction -millibarns of product _—hours, saturation, elemen 


Lanthanum > a(n,p)**Ba -3 85 minutes ar 18 
hours 
Neodymium MENd(n,2n)*"Nd 2160 dl 
to 


) 


Praseodymium 


ue 1-8 hours 


Dysprosium .. %Dy(m,p®Tb ? minutes 

\2"Er(n,2n)Er —«-: 1200 9-8 days 2 0-3 
7 


mink Hg, ha’ 


24 hours and i 


_ _This method of analysis has most of the advantages | of thermal-neutron radioactivation 


analysis. Often the sensitivity is not so great, but for a few important light elements itis 
better with a flux of 10’ neutrons per sq. cm per second. The sensitivity for half the elements 
in the periodic table is 1 yg or better; this would obviously be improved by increasing the _ 
neutron output of the accelerator. "For the comparatively small capital outlay of about — 


£20,000 it should be possible to obtain a large and adequate flux of fast neutrons. _ eon ae. ; 
Jenkins, E. N., and Smales, A. A., Quart. Rev.,1956,10,88. 
2. Atkins, D. H. F., and Smales, A. A., in Emeléus, H. J., and Sharpe, A. G., , Editors, ‘‘Advances in ; 
7 a _ Inorganic Chemistry and Radiochemistry,” Academic aise Inc., New York, Volume I, 1959, © 
3... A. and Meinke, W. W., Anal. Chem. 30, 1474. 
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+The Collection of Fractions from the Gas Chromatograph a and their Identification : 
By HASLAM, R (JEFFS AND H WILLIS 
Chemical Industries Ltd., Plastics D Division, Bessemer Road, Welwyn Garden City Herts, 
A description is given of methods that have proved useful in (a) the re 
a. of milligram amounts of material by gas - liquid chromatography = 
_ and (6) the infra-red identification of these separated products. Examplesare 
4 given of the application of the procedures to the solution of analytical — 
lems encountered in the plastics industry. 
BEcAUsE of the varied character of our work in the plastics | industry, it has been our practice 
to make use of a procedure involving the gas - liquid chromatographic separation of miscel- 
= materials and the subsequent infra-red identification of these separated substances. i 
We have always believed this to be a far better method of identification than the method of 
relative retention times when dealing with a completely unknown system. 
Our preliminary attempts! in this connection were not particularly successful; the 
- columns used were often overloaded and therefore inefficient because, at the time, substantial 
_ amounts of separated substances were needed for final infra-red examination. Some of these 
difficulties were readily overcome when Anderson’s work became available.” ‘His procedure 
permits very small amounts of substances separated by gas chromatography to be identified 
& the vapour state. In practice, however, we have found certain limitations in Anderson’s 
method, e.g., we have been unable to apply it effectively with substances boiling above 120° C. 
The logical step appeared to be the use of heated gas cells, but, although two or three different 
_ designs were tried, none was successful. Moreover, the infra- red spectra of most ——* 
compounds that are liquid at room temperature are only recorded in the literature as the — 
_ spectra of the liquid substances. These are often different from the spectra of the cnet 
_ sponding substances in the vaporised state as obtained by Anderson’s procedure. For these 
_ reasons, we have had to effect considerable improvement in our methods of collection and in 4 
__ the design of infra-red cells for the identification of substances in their liquid condition. It 
i _ is the purpose of this paper to describe those methods we have found to be practical and useful 


over this past year. It includes examples of separations carried out and notes on the infra- 


_ All the fraction-collecting apparatus described is used in conjunction with gas- -chromato- 
graphic columns operated under reduced pressure a and with katharometer ae Th his oF: 


involving a column thermostatically within the 


- 0° to 130° C and a katharometer at room temperature. _ This apparatus is used 


for separating mixtures when the highest-boiling constituent boils below 160° 7 
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Type 2—Apparatus involving a column and katharometer contained within the same 


thermostatically controlled chamber and maintained at some temperature in the range ie 

— 100° to 200°C (we use a Griffin and George mark II instrument). This apparatus is . 

used for the separation of mixtures with constituents boiling up to 250° C, which give 
in apperates of type 1 to condensation in the _katharometer. 


P ‘The t trap ‘shown in Figs. 2 and 4 has been successfully used with apparatus ¢ of type 1 for a: 


‘the condensation of substances boiling in the cange Bap to +160° C. iF, The packing used i is = 


ting 


‘Tap to which four ‘collection traps may be et 


is to exit of the ter by means of the n the minimum of 
steel tubing (internal diameter 1 mm) brazed into a metal cup. This in turn is cemented to 
a glass socket with Araldite cement. The exit ends of the four traps are connected via rubber 
tubing and separate stopcocks to a vacuum manifold. _ The traps are partly immersed “ll 
liquid nitrogen contained in 1-pint Thermos flasks. 
__ A preliminary chromatogram indicates the complexity of the mixture. On a second run, 
the traps are switched in by following the r-corder trace and any overlap between peaks is 
} allowed to go to waste. The delay time between | the recorder signal and the component 
_ Having condensed the desired component in a trap it has to be decided whether to record - 
_ the spectrum in the vapour state (method A) or the liquid phase (method B). Anderson’ Ss 
method? is retained for all that, from the gas- chromatographic = 


“Fig. 2 how the low-boiling component is transferred to the infra-red gas cell. 
design of the apparatus is different, but the procedure for transference is —— to that | | 


described by Anderson, except that no heat is applied to the trap. 


. ‘The infra-red | gas cell is designed to obtain the strongest possible absorption from a small _ 
amount of sample. The intensity of absorption depends only on the of jes in 
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the path of the » radiation b beam; this is increased ey. redacing ‘the oft the 
cell, which, however, must not be reduced to an extent such that the energy transmitted is 
ce insufficient to second ti the spectrum. — The in intensity may also be increased by passing the beam 


_ Apparatus for transfer of volatile component from trap to infra-red gas cell > 


tick 


intra ra-red of pure component isolated from 1,3-butadiene 
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White, Alpert, Ward and Gallaway.* Unfortunately, these cells are difficult to construct 
must be specially designed for a particular instrument. We have therefore concentrated 


(QUID CHROMATOGRA HY 


Th 7 In order to attain optimum light transmission, such a cell is auabe ata point where the 
area of the spectrometer beam is least ; this will be where a focus of the beam is formed in the | 
centre of the cell. At a few centimetres on either side of the focal position the beam is © 
rectangular; this, therefore, is the most economical shape for the cell. To decide the dimen- buch 
sions of the cell, we have assumed that 1 ml of gas at N.T.P. would be available. Condensa- _ 
tion of liquids boiling up to 100° C may occur on the walls of the of the cell at pressures above 80 mm; eS; 
the cell must therefore be of capacity about9ml. 
___ The image to be found in the centre of the cell should normally have the len gth and fe ae 
width of the entrance slit of the spectrometer. __ Knowing the f number of the inebvenaat ss 
is possible to calculate the size of the rectangular aperture required to admit the radiation 
cone in terms of the length of the cell. For the instrument used (Hilger H800, aperture f 11) 
B® the dimensions for a 9-ml cell are: length, 10 cm; height, 15cm; width, 06cm. Fig. 2 — 
| shows a cell of this form. The body consists of rectangular brass tube (1 mm thick) cut from 
wave-guide tubing and hes the internal dimensions stated above. _ A flat brass flange is 
brazed on each end of the tube, and a short side-arm (stainless-steel capillary tubing) is 
brazed in one side of the body. A glass capillary tap that will just slide over the side-arm — a 
is cemented in place by filling the space between the two tubes with Araldite resin; by this 
means, the volume of the side-arm is rendered negligible. Two rock-salt windows are cae 
attached to the flanges with Picene wax. | ~ Although the cell is designed for an f 11 system, . a 
will give acceptable some loss of energy, on an 7 


wa gas chromatography and found to contain approximately 0- 4 per cent. of a meen nn 
whose retention time did not match that of any of the expected impurities (normal and aS. 
isobutanes, butene-1, isobutylene, cis- and trans- butene-2 and vinylacetylene). gas” 
(50 to 60 ml) was crudely fractionated through a gas-chromatographic column in three Rae ig 
separate aliquots, and re-examination of the trapped material on the column showed that Soy 
the concentration of the unknown had increased to approximately 25 per cent. in the 1,3- res a 
| Further fractionation yielded a a pure , sample of the unknown, which was transferred to 
‘the 10-cm gas cell and gave an estimated pressure of 15 mm in this cell. _ The spectrum of this ot a 
component is I shown in Fig. 3. From its origin, it seemed likely that the material would bea aie = 
hydrocarbon. > The absence of structure 12 that it is The in- 


LA 


between the bands due to the groups 

The band at 5-8 p is likely 

these C-H deformation frequencies are usually strong. T he next band of interest is that at 

5-1 in an unsaturated-hydrocarbon system it suggests an allenic structure.5 Thus, 

had an unsaturated aliphatic hydrocarbon of low molecular weight, probably an aa re 

_ compound. - This indicated allene or methylallene. Reference to the infra-red catalogue 
of the American Petroleum Institute, Research Project 44 (serial No. 41) showed that the 


_unknown was methylallene (1,2- -butadiene). 


i the gas-chromatographic evidence indicates that the substance boils above 60° C, the — 
fraction condensed in the trap is treated as shown in Fig. 4. The trap and contents are held Gon 
in liquid nitrogen while the apparatus is completely evacuated. After testing the system oe a 
leaks, the source of vacuum is cut off. The flask containing the liquid nitrogen is removed oie 
_ from the trap and placed over the side- -arm so that the bulb is just immersed in the refrigerant. © 
_ As the trap attains room temperature, the small amount of liquid in it distils through the 
"desiccant and is condensed round the sides of the bulb of the side-arm. The liquid is ae 
- couraged into the capillary tip by lowering the vacuum flask containing the liquid nitrogen — 
until only the last } inch of the tip is immersed. _ The bulb is then warmed with the fingers. 
During this distillation the trap is not warmed, as this may cause some of the liquid ‘o distil — 
in the wrong direction. The apparatus may be left for 1 or 2 hours in order to achieve 
complete distillation of higher-boiling liquids. Having obtained the liquid in the capillary — 
tip, this tip i is broken off at the constriction just below the bulb. - —s aie a oom of 
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‘similar to described Zehden,* may sine to the liquid to 
the micro infra-red cell. It has a rubber teat and a very fine internal capillary. The device 
_ has a detachable tip, which is discarded after use and is made by drawing out a piece of 
hing 


“Fig. 4. for for transfe 


= 


Fig. 5. Pipette: for transferring liquid to micro cell 
1mm internal eo glass tubing. The tip is held in position by a piece of ordinary 
cycle- -valve rubber. Use of this - Pipette permits close control over the transfer operation. 
___In the design of a small liquid cell, first consideration must be given to reducing the cross- 
area, the precise area for a particular found by trial 
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id to to find the least dimensions at which workable « energy transmission is retaii 
device section of 5mm x was found to be suitable for the Hilger H800 
lece of Balthough the resulting cell could be used satisfactorily on other instruments, namely, 5 
Perkin - Elmer 21, the Perkin - Elmer 137 (Infracord) and the Grubb - Parsons GS2A. 
_ Most of the sample placed in a normal infra-red liquid cell is used in the filling tubes ie 
rather than in the area exposed to the beam. Consideration was therefore given to a cell — 
in which the filling tubes need not be occupied with liquid, and the current design is. shown S 
in Fig. 6. The two rock-salt plates are about 20mm x 10mm x 3mm in size. Two holes 
are drilled in one plate with a No. 86 drill; these holes taper inwards, as shown, being 7 mm _— 
apart on the inside and 12 mm apart on the outside of the plate. A gold-foil washer (25 p 
thick) is cut, the inner space being 15mm wide and approximately 7mm in length ( pauls 


x 


del 
sufficient to clear the edges of the filling holes) ; the width of this siillher is about 2 mm . The ir, ae 
cell is first stuck together with gold amalgam. The washer is immersed in mercury for a a 
short period and withdrawn after a layer of amalgam has formed on its surface. The cell is a 
then carefully assembled in a small clamp and left under pressure for 24 hours forthe amalgam 
to set. The space between the plates outside the washer is then filled with Araldite 700 resin bon 
and a reasonable surplus of resin is allowed to bridge the edges of the plates on all four sides. — 

The resin was found to be necessary, as the gold amalgam is a poor adhesive and the cell - 
tends to open up and channel; the amalgam joint acts as a barrier to prevent the : resin from 4 


The cell is filled by inserting a capillary 1 needle containing the liquid i into one , filling hole. 3 
Provided that the thickness of the cell is less than the diameter of the needle, the liquid will 
run in to fill the cell area. It is essential that no free space be left in the cell behind the filling © ole 
holes; such space will not immediately fill by capillary action and air bubbles trapped here a F 
may subsequently run into the useful part of the cell and are most difficult to remove. When 
the cell is filled, the outer ends of the filling tubes are covered by two small squares of nitrile- 
rubber sheet, held in position by “butterfly” spring clips. — _ This method forms an excellent = 
seal without ‘displacing the contents of the cell by air pressure, as may occur with stoppers — ee 
that are pushed or screwed into the fillingtubes. 
The amount of liquid required to fill the cell by the methiod described above (as opposed — 7 
to the theoretical capacity of the cell calculated from the dimensions) was determined — 


n-dodecane (density 0-766) the weights recorded were 0-53, 0-36, 0-27, 0: “29, 0- ee and 0- - mg. 
This Comnpnnee with the calculated capacity of 0-20 mg of n-dodecane ( 
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With this is cell, wee obtained 0-5- to 1 0- -pl portions of liquid 
" samples, but practice is required in the transfer of these small volumes. On the other cot : 
to 3 pl of liquid present no Gificulfy.: 
aaa ‘teat The value of the procedure outlined in method B was cuateaieit recently in the isolation 
and identification of trans-1,2-divinylcyclobutane in the high- -boiling residues obtained from 
_ The successive steps by which this conclusion was reached are given in detail, because they = 
- illustrate the kind of information that can, in favourable instances, be obtained even when 


the relevant infra-red spectra for comparison are not available in the literature. = 


Absorption 


| 


Fig. Infra-red spectrum of liquid “wane 1 ,2-divinylcyclobutane) separated 


from b d =" pepe 


this instance, ‘samples of residues, i.e., the residue after of 
1,3-butadiene at 20° C, were being examined. This material, commonly known as butadiene 
dimer, has always been said to consist of 4-vinylcyclohexene-l. Gas- chromatographic 7 
a examination of these residues on a 12-foot (} inch diameter) column of 30 per cent. w/w of 
_— BB-oxydipropionitrile on Celite at 80° C revealed the presence of another constituent in every 
sample examined, although the amount varied between 1 and 5 per cent. of the residue. 
‘The infra- red spectrum of the small amount of liquid separated was obtained in ‘the 
Manner described and is shown in Fig. examination of spectrum sug- 


: using the A.S.T.M. punched- -card index, revealed no spectra matching that of our sample. 
_ In these circumstances, it was decided that more of the substance should be separated by gas 
in order that chemical and ore measurements could be made. 


cory 
4 
The figures for carbon and hydrogen are equivalent to a . formula of (C.H,),,, where » must be 
an even integer. From the proximity of the retention time of the compound to that of 
_ 4-vinylcyclohexene-1, it seemed most probable that it was a C, compound rather than C, or 
a With “this evidence in mind the infra-red spectrum was re-examined. The absence of § 
bands between ll 5 and 15 w suggested that the compound was aliphatic in nature. Bands | 
at 3:3 and 6-1 showed the of C=C the latter band that. these 
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were not at 0 and 10-2, were with the 
grouping - —CH=CH,; this assignment is supported by the appearance of bands at 7-1, 7-8 and 
56 u.? There was no evidence that C= C groups were present or that there was any ¢ other 
“A quantitative determination of vinyl unsaturation was made by utilising the absorption 
band at 5-6 ~ and making comparison with a reference sample of octene-]. Assuming that 
both compounds had the same molecular weight, the unknown contained two vinyl groups 
It was then considered that useful information would be obtained by quantitative hydro- 
genation, with on barium as this was carried in ethanol 


4 ait + 2, biloa noisy reo 


“Fig. 8 Intra. -red “gpectram of hydrogenated material (trans-l, 2- -diethyleyclo- 

on 25 mg of substance. The weieegnnitll product was recovered from the ethanol solution | 
by gas - liquid chromatography, and its infra-red spectrum was recorded. The hydrogen 


uptake was equivalent to 2-04 olefinic double bonds a in excel- 
yas 


noted above (at 3-3, 5-6, 6-1, 7-1, 7-8, 10-2 and 11-0 had all thereby 
demonstrating that these had been correctly assigned to vinyl groups. Had the original been — 1 
a straight- or branched-chain hydrocarbon terminated by two vinyl groups, the ee 
product would have been n-octane or an isomeric octane. Reference to the A.P.I. catalogue 
showed that this was not so; nevertheless, the spectrum had the appearance of that of a 
saturated hydrocarbon. This seemed to leave = oe possibiaty that it was cyclic and = ie 


GH —CH— CH—C, Hy :—CH—CE 


a A cyclopropane structure should be recognised by a band near 9-9 p, 8 where our spectrum ae. 
had no prominent feature; on the other hand, absorption occurred at 10-9 and 11-2 p, stated 
by Wilson® to be due to CH, groups in the cyclobutane ring. _ The balance of evidence thus | 
favoured structure I or II, either of which can exist in cis or trans form. 


iPresence of quinol, which he characterised as trans-1,2 -divinylcyclobutane because, on ozon-— 
polysis, it gave trans- -cyclobutane-1,2-dicarboxylic acid. The (7 to 
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m is ch repeat Reed's 
having too little sam properties quoted (density, 
tly similar to those of our: 
material is the same as that ena by Reed, #.e., trans-1,2-divinyicyclobutane, and th 
hydrogenated product is The of oe latter 


_ pound has not been recorded im the literature. = 
The two methods described below have been 


but effective, metho t been used in ii wi 
a Grifin par conan mark I] instrument. The back plate of the oven is removed and th tha 
_ copper pipe (} inch internal diameter) from the katharometer is cut, leaving approximate 
_ 4 inch protruding beyond the oven wall. An Agla syringe barrel containing a tiny piece 


one end of 
: a petinina 
_ chromatogram and “breaking into” the gas stream at the appropriate point in the chromat 
gram on a second run. The piece of cotton-wool, although not partictlarly efficient, has th 
effect of stopping ‘‘vapour fog” from passing ‘straight hovagh the barrel. The syringe barrd 
_is cooled during this operation by packing solid carbon dioxide round the outside. Haviall 
wetted the cotton-wool with the unidentified component, the syringe barrel is removed fron 
the gas stream and a specially adapted nozzle is inserted. This eed consists of a fine pied 
_ of hypodermic tubing sleeved and cemented into the norm posale: and filed fing ial 
with the glass at one end. This has the effect of cuttin: J 
a syringe to the minimum. The syringe is held nozzle agp 
air _ The is then, expressed fromithe @ 
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«HASLAM, WILLIS: APPLICATION 
a region is Queneeies only of vinyl groups. We were unable to repeat Reed’s s comaaleain 
_ having too little sample available; however, the other properties quoted (density, boiling 


point and refractive index) are sufficiently similar to those of our compound to suggest that 

our material is the same as that prepared by Reed, 1.e., trans-1,2-divinylcyclobutane, and that 

_ the hydrogenated product is trans-1,2- -diethyleyclobutane. t The spectrum of the latter com- 
‘pound has not been recorded in the literature. 
The two methods described below have been used components boiling 
above 160° C, i.e., from an apparatus of type 2. 


This is an extremely simple, but effective, ‘method that has in with 
_a Griffin and George mark II instrument. ~ The back plate of the oven is removed and the § 
_ copper pipe (} inch internal diameter) from the katharometer is cut, leaving approximately § 


} inch protruding beyond the oven wall. An Agla syringe barrel containing a tiny piece of 
cotton-wool (2 to 3 mg) is connected into the exit-gas stream by sleeving one end of the 
_ barrel over the copper pipe with silicone-rubber tubing. This entails running a preliminary 
Sana and “breaking into” the gas stream at the appropriate point in the chromato- 


_ gram on a second run. The piece of cotton-wool, although not particularly efficient, has the § 
- effect of stopping ‘“vapour fog” from passing straight through the barrel. The syringe barrel 


is cooled during this operation by packing solid carbon dioxide round the outside. Having 
wetted the cotton-wool with the unidentified component, the syringe barrel is removed from 


4 the gas stream and a specially adapted nozzle is inserted. This nozzle consists of a fine piece | 


_of hypodermic tubing sleeved and cemented into the normal Agla glass nozzle and filed flush 
q with the glass at one end. This has the effect of cutting down the “‘dead” volume of the 
syringe to the minimum. The syringe is held nozzle uppermost, the piston is inserted and the 
4 air expelled. The sample is then expressed from the cotton-wool by pressure of the piston 


= _ Unfortunately, it has been found that 10 to 12 ul of sample are needed i in order to express 


. disulphide is placed | on the | cotton- wool from a second syringe and the carbon disulphide 


“a - This ‘method proved \ valuable in the examination of ‘a sample o of acrylic sheet known from 
elemental analysis to contain phosphorus. Dry vacuum distillation of the polymer and 
solvent extraction both yielded a liquid, which, on direct infra-red examination, proved to 
be an impure material containing phosphate or phosphite. - _ The vacuum distillate at 200° C 
was submitted to gas - liquid chromatographic examination on a 6-foot (}-inch diameter) 
column packed with 30 per cent. w/w of silicone E301 on Celite maintained at 130°C. A 
sample of the main component was taken by method C and the infra-red — ont 

et Because of the relatively large amounts of material _— - odent C, this method 
i _ has more recently been used with the Griffin and George mark II instrument. ’ The method 
- consist in fitting a heated outlet pipe to the back of the katharometer and condensing the 


sced into the cell, 


= in the trap shown in Fig. 9. The outlet pipe consists of a stainless-steel tube (1 mmj 


 jaternal diameter) approximately 9 inches long and terminates in a brass plug tapered to 
fit a B7 cone. The opposite end is joined to the copper exit pipe of the katharometer with 
_ silicone-rubber tubing. The pipe is heated directly by ‘passing approximately 0-5 volt, 
10 amps through it from a variable transformer. The lagging is of asbestos string and fire- 
clay cement covered by a second layer of asbestos string, = 

_ As in method C, the trap is connected into the gas stream at the appropriate point in the 


_chromatogram. The lower part of the trap is immersed in liquid nitrogen and the fraction is} 


amount of substance being vacuum-distilled into the tip, which is then broken off, and the 


liquid is transferred to the micro infra-red cell. 


—— _ The subsequent procedure is similar to that described for method B, the small 
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EXAMPLE OF METHOD p— 


| In the examination of a solvent said to be used in printing on plastic sheet, ‘the main 
constituent was found to be white spirit. 
‘of the chromatogram.44 There was, however, a peak « on the chromatogram pare due to any Pile 
component in the white spirit. Accordingly, this particular peak was condensed from the ies 
gas stream by method D, and the component was id was identified from its spectrum as n-butyl — far: 

y The trapping system used in methods A and B was originally devised by y Mr. N. Payn 
and Dr. B. D. Stead, of our Research Department, to whom we are indebted for r details. Ww 
also valuable discussions with Mr. R. G. J. Mill 
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vit The of traces of selenous acid with an excess of 3,3” -diamino- 
ie benzidine has been investigated, and it has been shown that the coloured _ FB 
reaction product ‘is the monopiazselenol (3,4- -diaminophenylpiazselenol) and i 
of not the dipiazselenol, as previously assumed by Cheng and Hoste and Gillis. MAK ? 
_ The absorption and fluorescence spectra of the monopiazselenol have been - athe 
measured, and Cheng’s colorimetric procedure has been adapted to the fluori- | with 
metric determination of traces of selenium in pure arsenic. ‘The li limit of detec- — “is 
tion is about 0-02 p.p.m. m. when a 2-g sample is used. : 
N gallium arsenide used for semi-conductor research, selenium contents of 0-1 p.p.m. or less 
significant. is a common impurity it in commercial grades of of arsenic, Cheng? 
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Fig. 1. of selenium “5 
—-_ in toluene: curve A, pure © 
dipiazselenol of 3,3 ’-diaminobenzidine 
wg per ml); curve B, pure mono-| 

piazselenol oof 3,3’-diaminobenzidine 
(5-2 wg per ml); curve C, 4-6 ug of selenium > 
treated by Cheng’s procedure! in 10 ml of | 

; curve D, reagen: blank corre-— 


has described an _absorptiometric method for. its in arsenic; the 
_ method is based on the reaction with 3,3’-diaminobenzidine, as originally proposed by Hoste § 
_ and Hoste and Gillis. Investigation of Cheng’s procedure showed that the sensitivity was 
limited by the magnitude of the absorption of the reagent blank solution—which has an 
_ optical density of 0-02 per 3 cm at 2-38 y-? (420 my), corresponding to 0-6 ug of selenium inf” 
10 ml of toluene—to about 0-3 yg of selenium, and, in order to obtain high sensitivity, Cheng § “ 
used 10- to 20-g samples of elemental arsenic. In our work the amount of sample available | 
for determining selenium was limited to 1 to 2 g and the minimum selenium content detect- 
able by the absorptiometric method was thus aboutO0-3 p.pm = 
_ Preliminary measurements showed that the toluene solution of the selenium ‘compound fl PE 
gave a fluorescence emission band it in the orange region, whereas the Conneepeniang, Teagent r 


Bat 


— 
C DETERMINATION 86 Jam 
-Fluorimetric Determ sens 
4 
for 
port 
ider 
ey 
if 


January, 1 oF SUB- MICROGRAM AMOUNTS OF ‘SELENIUM 


blank did not this s suggested | that a @norimetric method n might be: capable of greater 


sensitivity than was the absorptiome:ix procedure. The reaction of selenium with 3,3’ -di- 
aminobenzidine was therefore investigated in detail, 
_ After this investigation had been completed, a fluorimetric method for selenium, based _ 
on the same reagent, was described by Watkinson,‘ who used a filter fluorimeter to measure | 
amounts of selenium up to 0-5 wg in plant materials. He obtained a sensitivity of the same 


order as that reported here, but did not investigate the nature of the fluorescent com ound. a 


REACTION» OF SELENOUS ACID WITH 3,3’-DIAMINOBENZIDINE 


The reaction of selenous acid with ortho-diamines is a general « one and results in a 
formation of the piazselenol five-membered ring system. By reaction of one molecular pro- ‘ 
portion of 3,3’ -diaminobenzidine with two molecular proportions of selenous acid, Hoste? — 
isolated a pure, yellow crystalline compound, melting-point 292° C (uncorrected), which he — 
identified by analysis as the dipiazselenol ; the reaction is represented by the equation— 


- “Both —_—e and Gillis* and Cheng? have assumed that. the dipiazselenol i is formed in their 
respective colorimetric procedures for selenium. _ In fact, there are good reasons to believe 


| that this i is not so. First, the dipiazselenol is almost completely insoluble in water and dilute 
Its basicity i is pore weak, and, unlike the wegen naga in the colorimetric 


amount of selenium to react with a oe excess of the peminohensittine as in the colorimetric 
procedure, one would expect to obtain not the dipiazselenol, but the mono- selenium compound, — 
in accordance with the equation— 
\ 
The latter compound, two int more ‘strongly “ag 
and would therefore not be extracted by toluene from acid solution. This theory was investi- 
Bi gated by allowing 0-05 g of selenium, as selenous acid, to react with an excess of 3,3’-diamino- 
benzidine as described under ‘‘Preparation of Piazselenols.” '_ The product showed an intense Ps 
absorption peak at 2-39 w-* (418 my) in toluene solution, but was contaminated with the — 
dipiazselenol. After purification it was isolated as a deep-red crystalline compound, melting- _ 
point 202° C (corrected), with a selenium content corresponding to 3,4-diaminophenylpiaz- _ 
selenol; it was readily soluble in dilute hydrochloric acid. In toluene, it showed two absorption a 
bands, one at 2-95 u-! (339 my) and the other at 2-39 u-! (418 my) (see Fig. i, curve B), the as 
latter band being similar to that of the compound obtained by Cheng’s colorimetric procedure : 
(curve C), Being a comparatively strong base, the compound shows indicator properties 
in aqueous solution (see Fig. 2). In neutral or alkaline solutions, the absorption spectrum a 
shows two peaks at 2-93 y-? (341 my) and 2-43 p-1 (411 my); it is similar to the spectrum in 
toluene and is assumed to be that of the free base. As the pH falls below 7, the spectrum — 
Hoste? @ Changes progressively; the peak at 2-43 y-? disappears and that at 2-93 po increases in 
Yy was intensity and moves to slightly lower frequencies, until, in 1-0N acid, a single peak at 
ias an @ 2°37 4? (348 my) is obtained. This spectrum is probably due mainly to the dihydrochloride 
‘um in @ °f the compound. In more concentrated acid, the maximum moves to still lower frequencies - 
Cheng and the intensity increases further. The latter change is probably due to the partial formation — 
ailable ofa trihydr ochloride, the piazselenol ring probably being sufficiently basic to take up a proton © 

at these high acidities. The inflexion in the region of 2-6 .-4 (385 my) at pH values of 1 to3_ 
(see Fig. 2, curves D and E) may be due to the presence of some monohydrochloride at these _ 
pH values. The spectrum in 0-1 N hydrochloric acid (see Fig. 2, curve E) is similar to that 
Bp bserved by Hote and Gillis,? who made measurements directly on the acid aqueous solution — 


— 
— 
r less ae 
heng! 
= 
absorption 
spectrum in toluene (see Fig. 1 > 
. 1, curve A) is different from that of a ; eS 
ecompound 


after colorimetric reaction. The increased sensitivity observed by Hoste and Gillis as the 
increased the concentration of hydrochloric acid is readily explained in terms of the indicator 
properties of the monoselenium compound as shown in Fig. Bt. 


4 FLUORESCENCE OF 3,4-DIAMINOPHENYLPIAZSELENOL IN TOLUENE add 


a. —— The corrected fluorescence emission spectrum of the monopiazselenol (see Fig. 3, curve B) 
he consists of a single broad band with a peak at 1-65 u-* (606 my) and is identical with the | 
_ fluorescence band from a solution obtained by allowing trace amounts of selenium to react 
with diaminobenzidine by Cheng’s procedure. The corresponding excitation spectrum (see 
Fig. 3, curve as is almost identical with the absorption spectrum, showing peaks at 2-94 adh 
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fe aqueous pg per ml) at different acidities: des 


A, pH 9-0; curve B, pH 5-1; curve C, pH 4-1; curve 
D, pH 2-9; curve E, 0-1N hydrochloric acid; curve F, 


10N hydrochloric acid; curve G, 5 N hy drochloric acid 


(340 mp) and | 2-38 p-! (420 my). The latter frequency is best for excitation because the 

fluorescence from impurities produced by decomposition of the reagent is less than at 2-94 y-. _ 

_ Ifa mercury lamp is used for excitation, both the 2-47 y- (405 my) and the 2-29 y-* (436 my) oh 

lines are favourably situated on either side of the peak and give approximately equal excitation pe 

efficiencies. because it is emitted by most mercury lamps at t higher 


»" _ For measurement of the fluorescence emission sia excitation spectra (see Fen 3 and 4), 
the sensitive recording spectrofluorimeter,® fitted with an E.M.I. 9558 red-sensitive photo- 
- multiplier, was used. For the determination of selenium in arsenic, an instrument of some- 


co 

what lower sensitivity was set up. The light source was a Hanovia 500-watt mercury lamp a 

- (type 509). This was placed in the position of the entrance slit of a Hilger D96 monochrom- ff SE 
ator. By using an exit slit of 1 mm, the mercury line at 2-29 y-1 (436 my) could be isolated B 
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frequency to band of of the the beni 
of exciting light was passed through a composite liquid filter consisting of 1-0 cm of a 50 per ie wo 
cent. w/v solution of sodium nitrite and 0-5 cm of a 10 per cent. w/v solution of copper a 


_ The sample was contained in a cuvette (optical depths both 1 cm) and measurements _ 
could be carried out on 5 ml of solution. The fluorescence was isolated by a small double Py 
monochromator (Hilger D222/D205) and was detected by an E.M.I. 6256B photomultiplier. 
Owing to the rapidly falling sensitivity of this photomultiplier in the yellow region, maximum = 2 


output was attained at a frequency setting of about 1-75 y-! (570 my) and not at 1-65 po 

5 (606 my), the peak of the true fluorescence spectrum. All measurements were therefore made — 

at the former frequency, a monochromator half-band width of 0-04 y- (0-4 mm slits) being 

used. The photomultiplier output was amplified by means of a Vibron electrometer. Read-_ 

ings could be taken directly on a meter or the output could be passed to a single-point recorder : 

for the semi-automatic plotting of fluorescence spectra. Full-scale deflection corresponded 2 

to about 0-8 yg of selenium in 5 ml of vn aged The minimum signal detectable corresponded — 


(curve A 


terval (cur 


arbitrary units 


Relative fluorescence intensity 


uanta per unit frequency in 


in 250 ml of water was slowly added, vigorous The solution was adjusted 
to a pH of about 7 with ammonium hydroxide and extracted with two 75-ml portions of | 
toluene. The combined toluene extracts were shaken with 200 ml of 0-1 N hydrochloric acid. 
The acid solution was washed once with toluene, the pH was then increased again to 7, ond _ 
the monopiazselenol was extracted with two 50-ml portions of toluene. The combined 
toluene dried with anhydrous sodium and evaporated under 


_ About 0-01 g of the sample was wrapped in a small piece of ashless filter-paper (about , ) 
1 inch and was burned in in oxygen as as described d by Schéniger.° ¢ consisted 
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se the Lhe dipiazselenol was prepared by Hoste’s method?; after cryStamisatiun mom glacial 
pt, fp acetic acid, it was obtained as a fine yellow powder, melting-point 314° C (corrected). The — — 
6 mp) monopiazselenol was prepared as follows. A 0-5-g portion of 3,3’-diaminobenzidine hydro- Tee 
tation 
A: 
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photo 
solated — 
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PARKER AND HARVEY: FLUORIMETRIC DETERMINATION | 


6 To the inside of the stopper ¥ 


fixed a small platinum-gauze holder. A 25-ml portion of 0-1 N acid was 
in the flask, which was then filled — eugene. _ The filter-paper aa the sample was 


Wavenumber, 
“Fig. 4. Uncorrected fluores- 
cence emission spectra of re- 
agent blank solutions (all solu- 
tions extracted with 5 ml of 
toluene): curve A, dry toluene; 
curve B, reagent blank with 
3,3’-diaminobenzidine omitted; 
curve C, reagent blank with —_ 
2 ml of 0-5 per cent. w/v solution as ; 
of 3,3’-diaminobenzidine 
exposure to diffuse daylight; —- 
curve D, as for curve C, but | 
_ without exposure to light; curve © 
_ E, as for curve C, but with ex 
= reagent blank with 0-5 ml of 
. 0-5 per cent. w/v solution of 
_3,3’-diaminobenzidine and sto- 
rage in darkness at 50° C for 45_ 
minutes; curve G, as for curve F, 
but with 


plunged into the oxygen-filled flask. The stopper was held firmly i in until 
combustion was complete, and the flask was then vigorously shaken for a few minutes. The 
4 solution was diluted with water and aliquots were taken for the colorimetric determination J 
of the selenium with 3,3’-diaminobenzidine. The results obtained from three separately 


al flask fitted with a B24 ground-glass joint and a B24 stopper. com 
whic 
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Commercial 3,3’-diaminobenzidine hydrochloride was recrystallised from 3N hydro- § 
~ ae } _chloric acid, the entire operation being carried out in a dark room by yellow safe light. The § 4 
— 


100 ml of water abr aad de-aerated by passage of nitrogen. The solution was stored under 
nitrogen in a refrigerator and was prepared freshly every 2 days. _ The hydrochloric and 


Bnitric acids used were of the grade intended for foodstufis analysis. _ Other reagents were 


OF CALIBRATION GRAPH— 


_ The entire procedure was carried out i in a dark room by yellow safe light. velit = 


fof standard selenous acid solution covering the range 0-0 to 0-8 yg of selenium were transferred _ k. 
_f§to 100-ml beakers. Two millilitres each of 2-5 M formic acid, 0-1 mM EDTA (ethylenediamine- _ 
tetra-acetic acid, disodium salt) solution and diaminobenzidine reagent were added, and each — 
{solution was diluted to 50 ml with water; after mixing, the solutions were set aside at 20°C 
for 45 minutes. The pH was then adjusted to 6-8 with 7N ammonium hydroxide, and — 
each solution was transferred to a 125-ml separating funnel and vigorously shaken with 5 ml 
_ fof toluene for 1 minute. The toluene layer was separated and spun in a centrifuge for 2 to - 
§ minutes, and its fluorescence was measured at 570 my in a l-cm cuvette. The A soho 
® was calibrated immediately before measurement by means of a standard solution of rhodamine 
§8 inethanol. Full-scale deflection (100 divisions) corresponded to about 0:8 yg of selenium 
per 5 ml of toluene when the instrument was set to give a aaron of 60 divisions with the — 
_ Upt to 2-5 g of sample were weighed into a 100-ml beaker, 5 ml each of concentrated hydro- 
chloric and nitric acids were added, and the beaker was immediately coverel with a watch- 
glass. When solution was complete, the watch-glass was raised and the solution evaporated 
just to dryness (baking was avoided). The white residue was dissolved in 30 to 35 ml of 
water, with gentle warming. The solution was cooled to room temperature, and 2 ml each of — 
B 2-5 M formic acid, 0-1 m EDTA solution and diaminobensidine reagent solution were added 
(in that order). 
colour was eaal to develop in the dark for 45 nina. _ The pH was then adjusted to 6: _ 
with ammonium hydroxide, the total volume being finally about 50ml. The selenium 
ee was then extracted with 5 ml of toluene, as described under ‘Preparation of 
Calibration Graph,” and its fluorescence was measured. At the same time as the determina- 
tion, a blank test (see below) was carried out, to which no arsenic was added. The difference 
between the fluorescence intensities of the test and blank solutions was as converted to micro-— 
grams of selenium by to calibration graph. 
was found that, in the of ar — loss of selenium could occur during» 
evaporation of the mixed acid. Thus, if comparatively large amounts of selenium were © 
present in the acids, the blank correctior. could be too low. In this work, tests were carried 7 
out on 0-25 g of arsenic with 10- and 20-ml portions of mixed acid. The difference ee 
the two fluorescence intensities corresponded to the selenium content of 10 ml of mixed acid, — 
which was found to be 0-02 to 0-03 wg. With acids of this purity losses during the evaporation 
of the blank were thus negligible. T his was also confirmed by carrying out several analyses 
with 0-25- and 2-25-g portions of sample No. 24 (see Table II). The difference between the ce a 
fluorescence intensities with these two weights of sample - corresponded to the selenium te 


otal fluorescence (calculated a as a 


selenium), pg 

Selenium content of sample, p.p. gi 0-07 «006 

B i.c., they gave the same selenium content as that determined by the direct blank procedure — 
(see Table II), thereby confirming that the blank correction in the latter technique was not — 


. compound was thus obtained in the f f its te : 

h was @which were separated by filtration, d sod ¢ of its tetrahydrochloride, as colourless needles BS iat < 
laced , dried im vacuo over silica gel and stored in a stoppered ven — 4 E 
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wae added to the solution of the ‘sample before win bop At the ; same time, some | 
_ were carried out in which no selenium was added. _ The differences between the fluor-| 
escence intensities observed in the presence and absence of added selenium were converted | 
_ to parts per million of selenium in the samples by reference to the calibration graph. i he| 


-Tesults are shown in Table I and indicate that recovery was satisfactory, = | 


RECOVERY OF SELENIUM ADDED 
A 2-g portion of sample No. 24 pe Table II) 1 was sana for each test. The total fluorescence 
observed was corrected for the fluorescence observed in tests on the same sample to which 


TO “SAMPLES OF ‘ELEMENTAL | 


Samples No. 24a No. 24 and 36 were obtained from the iat source; ; the , remainder were from different 


fluorescence of test Selenium 


(" “Five nines’). . 


( ‘Five 1 nines’ 

37 37 (" ‘Four nines’ wip 

37 (Once sublimed), x 
19 (‘‘Four nines’) 

(After treatment with and 
0-50 0-09 sts = 


- The procedure was then applied to a variety of samples of arsenic; the results sane 
sat isfactory reproducibility (see Table II). It is of interest to note that treatment with lead 


and sublimation effected considerable reduction in selenium content. = 


- Hoste and Gillis? showed that the presence of most common ions, even in amounts one 
hundred times as great as that of the selenium, did not interfere with the absorptiometric 
_ determination, except by formation of their own colours (¢.g., Cr*+). Coloured ions are uot 
extracted into the toluene layer in the proposed procedure. Tellurium does not react, and, 
although sulphur dioxide gives a colourless precipitate, its interference can be avoided by 
- prior oxidation to sulphate. Strong oxidising agents interfere by forming coloured oxidation 
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suppressed by the addition of EDTA, as recommended. Of the remaining interfering ions 
mentioned by Hoste and Gillis, Cheng" found that 5-mg amounts of Cr*+, Mo*+ and Ni#+ 
and 1 mg of Te*+ did not interfere. He also found that, although V5+ oxidised the reagent, = 
the presence of 0-5 mg of this ion could be tolerated, or more if the amount of reagent used 


In the proposed procedure, the minimum detectable amount of selenium was limited to 
about 0-04 wg by the magnitude of the reagent blank value, and it was therefore of interest 
to determine the cause of this blank and to ono to reduce it. It had merger been noted that, 4 


secteuiie of a typical normal blank in which the reaction was cathal out with exposure to 
diffuse daylight is compared in Fig. 4 (curve C) with the spectrum obtained in a similar test 
in which the reaction was carried out with exposure to only a yellow safe light (curve D) _ 
= and with exposure to direct sunlight (curve E). _ It is obvious that exposure, even to diffuse — 

 Ffdaylight, produces an appreciable i increase in the fluorescence and that sunlight causes a con- 
siderable increase. However, even in darkness, the fluorescence was appreciably higher than ; 

that of the test solution to which no diaminobenzidine was added (curve B). — To determine | 
whether or not this fluorescence was due to selenium in the reagents, a further test was carried 
out in which the pH value was increased to 6-8 and the solution extracted with toluene im- 
m mediately after the addition of the diaminobenzidine. _ Under these conditions selenium does 
not react appreciably. Nevertheless, a fluorescence emission curve identical with Fig. 4 a 
Bcurve D, was obtained, showing that the fluorescence in the region of 1-7 u~* on this curve 
was not ‘due to selenium and was therefore due to traces of other impurities in the reagent. — 
Bln an attempt to reduce this fluorescence, tests were carried out with smaller amounts of — 
§ reagent. By using only 0-5 ml of a 0-5 per cent. w/v solution instead of 2 ml and by heating = 
the solution for 45 minutes at 50° C it was found that the full fluorescence from 0-5 pg of 
selenium was developed (see a 4, curve G) and that the blank had been reduced to less than — 


Il. Detailed tests of the modified procedure were however, the results 
of experiments with alternative fluorimetric reagents for selenium. 
___ The fluorescence efficiency, ¢, of the monoselenium compound, determined by com- _ 
parison with rey B by the method described earlier,’ is 5-5 per cent. The optical — 
density per cm at 2-29 u-! (436 my) for a concentration of 1 pg of the compound per ml is 


0-026, and the half-band width of the fluorescence band, H, is 0-445 pote The pou 


06 6 fuorescence sensitivity” of the compound, given by the ‘expression = , is therefore 0-0032 at a 
«2-29 sen: sensitivity is comparatively low, and, if a different selenium compound could. 
94 |g be found having a fluorescence efficiency of, say, 50 per cent., a ten-fold increase in fluorescence __ 


2300 sensitivity could be attained. With the the over-all sensitivity is limited, 


in n the 2 ‘the effect of which would be corre- 
t 
spondingly less if the fluorescence sensitivity of the selenium compound were greater. | The ; 
§ search for an alternative fluorimetric reagent for selenium is thus well worth while if sensi- 
[tivity better than 0-02 p.p. m. of is required. 


SE (a) With of 3,3’ ‘diaminobenzidine 1 reagent and reaction at room temperature, 


nts one amounts of selenium between 0-04 and 0-8 pg can be determined by the proposed procedure. __ 
ometric BH Applied to a 2-g _ sample of arsenic, the minimum selenium content detectable is 


_ (b) By using a modified procedure, in which only 0-5 ml of diaminobenzidine Teagent is 
ded by ff added and the reaction is carried out at 50° C, the magnitude of the blank value is reduced 
and a somewhat lower limit of detection could probably be attained. 
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AND RADLEY INVESTIGATION OF BENZOIN 
The fluorescence sensitivity of the selenium 


,3’-diaminobenzidine is low, and a search for more efficient fluorimetric tana’ is worth 


_ while if contents less than 0-02 p.p.m. of selenium have to be determined. — BM eee bonatfe ‘ia 
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* concentrations of boron has been investigated; a simple, but sensitive, fluori- ee 
meter was used. The development and decay of fluorescence intensity with ae 
Cs time was observed in various solvents in the presence of different basic com- ey 
fluorescence produced when formamide and its N-derivatives are 
used as the solvent media is stronger than that found when ethanol is used. -. 
| i glycine buffer solution of pH 12-8 is effective in producing the correct condi- | 
af tions for developing fluorescence with ethanol as solvent, but is not effective — hited ke 1 
in the formamide series of solvents. Isopropylamine and isobutylamine are ‘ 
"effective bases in both ethanol and the formamide series. For a series of ae oa ie 
: solvents of a given chemical type, e.g., the formamides, there may be an in- + 
410m "crease in fluorescence intensity with dielectric constant, although this is rans 
ve ag 
well escence in ethanol, but has much less effect in formamide. There is a linear 
between fluorescence intensity a and amo amount of be boron fom present in t in the 
range studied "05 to to 0- 0-5 H8). at 
THE fluorescence of the boron - - hensoin ree was first noted and later used by White and 
his co-workers'.?.8 to develop a sensitive quantitative method for determining amounts of 
boron from 1 pg - upwards. _ More recently, Parker and Barnes‘ have demonstrated the quench- 
2 ing effect of oxygen on this fluorescence. Since this effect was not mentioned by the earlier 
workers, it was decided to study the develeamnint and stability of the boron - benzoin complex 
in ethanol, bearing in mind the possible de-activating effects of oxygen, and to examine other 


4 solvents! in - hope of increasing the sensitivity ¢ of the reaction. 

_ A ‘simple direct- reading fluorimeter was constructed in the laboratory. A Siemens- 
Ediswan MB/D 125-watt mercury lamp was used as light source, with two Spekker H556 
_ (Chance OX1 glass) filters to isolate the 366-my radiation. A shutter was interposed between 
the lamp and the sample, so that exposure of the sample to ultra-violet light could be restricted | 
toa few seconds while a reading was taken. . The sample cells were standard closed fluorimeter | 
cm deep, provided 


with two small stoppers for ex xcluding air from the 
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ol. 8 January, 1081) row OF BORON 
“The secondary filter was a combination of a Chance OB2 and a Wratten 2B filter satan 
A 9-stage photomultiplier cell, R.C.A. type 931A (Siemens - Ediswan equivalent, 27M1), © coos 
was used to detect the fluorescence output, and readings were made on a commerciald.c.milli- 
7 voltmeter, which recorded the voltage developed across switched load resistors, © 
on to =§=6The a.c. supply to the mercury lamp was stabilised by a 150-watt constant-voltage 
ae transformer, and the d.c. supply (900 volts) to the 931A photomultiplier was stabilised by six 
=% VR150/30 gas-filled regulator valves in series. The sensitivity of the instrument could be 
adjusted by varying the voltage applied to the photomultiplier, a switched voltage-divider — Ba 4 
—_ 1 network being used, with a series variable resistor for fine control. A stabilised backing- a Fe a d 
voltage was available for returning the meter to zero in order to cancel el readings due tothe : 
= current of the photocell or to the fluorescence of blank samples. brie 


_ The method adopted was duties to that described by White and Hoffman’; “Wien 


a 
worth 


"~~ Gsolutions containing either 5 or 0-5 yg of boron (as boric acid) per ml were used. _ When 
| Binvestigating the original method and using glycine buffer (pH 12-8) as base, the procedure 
_ Ewas to add, in this order, 1 ml of the boron solution, 0-5 ml of water, 0-5 ml of glycine buffer, 
15 ml of ethanol and 3 ml of a 0-5 per cent. solution of benzoin in ethanol and then to dilute 
with ethanol to 25 ml in a calibrated flask. Later, to study the effects of oxygen on the 
_ development of fluorescence, de-oxygenated hydrogen was bubbled through both test and - 
_ BH benzoin solutions for 10 minutes before mixing. With de-oxygenation, it was found prefer- as 
_ Bable to add 20 ml of ethanol after the buffer solution to allow for slight evaporation and to 
ii | ensure that little ethanol was needed for the final dilution to 25 ml. Commercial 95 per cent. — 


ethanol was found to be unsuitable and apparently contained about 20 yg of boron per ml; 
AnalaR ethanol (99 per cent.) was therefore used in the firstexperiments. = 
(tra After the addition of benzoin solution and dilution to 25 ml, the solution was always bs: 
_ _Emixed gently by inverting the flask several times, and a 20-ml portion was transferred by y ; 
i pipette to the fluorimeter cell. It was possible to make the first reading on the fluorimeter 
_ {3 minutes after mixing, and fluorescence-intensity readings were taken at intervals until the a 
are maximum fluorescence was passed. The shutter was always opened for a few seconds only ~ 
t each reading to minimise the exposure of the test solution to ultra-violet light. 
ve In setting the fluorimeter, the photomultiplier voltage was first adjusted to give a reason-— 
7 ably low noise output. For our particular 931A photomultiplier, the application of 800 volts _ 
was suitable. The sensitivity was adjusted, with use of a standard solution of quinine | 
sulphate, to some convenient scale reading, which was checked from time to time to guard 
against possible fluctuations in lamp intensity or photomultiplier sensitivity. Normally, 
j only slight adjustments were required over a period of 1} hours. To prepare the quinine 
standard, 0-25 ml of the standard quinine sulphate solution (0-01 a per litre) was diluted to : 
25 ml with 0-1 N sulphuric acid, and a 20-ml portion of this solution was placed, by pipette,  =—> 
in the fluorimeter cell. The > sensitivity w was adjusted to give a convenient half-scale reading “ 
Experiments were made with isopropylamine, isobutylamine or pentylamine in place of 
e and § the glycine buffer. In these experiments, the procedure was to add, in this order, 1 ml of a 


nts of § aqueous boron solution, 1 ml of water, 2 ml of primary amine and 18 ml of solvent and then 

ench- § to de-oxygenate with hydrogen for 10 minutes, subsequently adding 3 ml of a de- -oxygenated — 
sarliet § 0-5 per cent. solution of benzoin in methanol and then diluting to 25 ml with de-oxygenated — 
mplex § solvent if necessary. Various solvents were used, including methanol, ethanol, | 7 
other § ethylene glycol, glycerol, formamide, N-methylformamide, N N-dimethylformamide, pyridine 


and ethyl methyl ketone. In every instance, blank tests were performed on the reagents 
nens - | received from the supplier, and it was necessary to purify them by recrystallisation or distilla- 
H556 § tion. AnalaR reagents were found to be satisfactory, and it was possible to use AnalaR’ a 
tween § ethanol, methanol, isobutanol, pyridine, glycine and sodium chloride without further purifica-_ 
ricted J tion. It was necessary to purify benzoin by three recrystallisations from AnalaR benzene 
meter § and to purify isopropylamine, isobutylamine, pentylamine, ethylene glycol and N-methyl- ; . 

vided § formamide by distillation. Laboratory-reagent grade formamide, NN-dimethylformamide 
whet and id ethyl 1 methyl ketone showed Tittle le fluorescence and were us and were used as Teceived. — it sated al ee 
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by boron from and (6), for extremely dilute standard of boron, to} 
avoid any loss of boron by adsorption on the walls of the bottle. However, several workers | 
_ have reported little detectable pick-up or adsorption when solutions containing microgram 
} ae of boron are stored in polythene. It was necessary to keep some solvents, | 
7 ‘Particularly the formamides and primary amines, in high-purity quartz vessels, because of 
their solvent action on polythene, 
_ During the experiments, the test solutions were in contact with normal analytical glass- 
ware, ¢.g., calibrated flasks, pipettes and fluorimeter cells, but we found no evidence of any § 
“significant contamination by boron at these stages. W hen not actually in use, the apparatus 
and reagent bottles were protected from accidental contamination by boron from the atmo- 
_ sphere by enclosing them in a Perspex box or in closed polythene tubes. Repeated rinsing of J 
apparatus and fluorimeter cells with water and AnalaR methanol was found to be effective in 
_ removing all traces of boron from a previous experiment, as shown by repeated blank deter- J 
-minations. The water used for preparing solutions and for rinsing was double-distilled, first 
‘in an all- -glass apparatus and then in an all-quartz apparatus; it was stored in polythene 


Boron boric acid was in water to give concentrations of 
5 and 5 BE | of boron per ml; , these solutions were stored 1 in polythene bottles. 


r times from AnalaR ‘benzene and then used to prepare a 0-5 per cent. solution in AnalaR 
_ methanol. Such solutions were stored in polythene and discarded after 14 days to reduce 
possible errors caused by oxidation of the benzoin. 
Glycine buffer solution, pH 12-8—A 50-ml portion of a stock solution containing 7-505 g 
_ of AnalaR glycine and 5:- ‘85 g of AnalaR sodium chloride per litre was mixed with 450 ml of a 


stock solution containing 4g of sodium hydroxide per litre (prepared as described below). 


All solutions were stored in polythene and renewed after 14 days. oe a ee eee 


a Sodium hydroxide—To minimise the boron content, the sodium hydroxide was specially 


‘ prepared from sodium metal. Clean pieces of sodium were dropped ‘into a layer of water, 
cov ered by a deep layer of AnalaR ether, in a polythene bottle fitted with a reflux condenser. 

- After some time, fresh pieces of sodium became very slow to react, as the solution reached 
_ saturation. The mixture was then transferred to a platinum dish and warmed gently to evap- 


_ orate the ether. This yielded an approximately 50 per cent. solution of sodium hydroxide, 


“ta Ethanol, 99 per cent., , methanol and isobutanol—All of AnalaR grade and well as supplied. 
_ _Isopropylamine, isobutylamine and pentylamine—All of laboratory-reagent grade and all 


Formamide and NN-dimethylformamide—Both of laboratory- reagent grade and used as 


Methyl formamide—Laboratory-reagent grade. Redistilled under ‘win pressure 
85° C to Temove volatile impurities ang non-volatile fluorescent ‘impurities. 


- Ethylene glycol— Laboratory-reagent grade: ; redistilled to remove fluorescent impurities. 

4 Ethyl methyl ketone—Laboratory- grade; used as Wie 

Hydrogen—From a cylinder and passed through a catalytic de-oxygenating unit. 


_DEVELOPMENT OF BORON - BENZOIN FLUORESCENCE IN ETHANOL AND OTHER ALCOHOLS— ~— 


_ White and Hoffman’s experiments* with ethanol as solvent were repeated, glycine buffer 
solution, isopropylamine or isobutylamine being used as base, and closely similar fluorescence- § 
_ development curves were obtained. Stable readings over periods of 30 to 40 minutes were BN 
observed, but only if the test solutions were de-oxygenated. When glycine buffer solution § 
was used without de-oxygenation, there was an induction period of 20 minutes before any 

fluorescence developed; this period could be shortened by the addition of more buffer solution. 

The fluorescence maximum was always less and always followed by a gradual decay in 


intensity when de- de-oxygenation was not used. ba 
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& Methanol and isobutanol gave much lower values for fluorescence, and use of ethylene _ 
Ltycol. as solvent produced no significant reading for boron. For comparison, ethyl methyl _ 
ketone and pyridine were tested as solvents, but were found to be unsuitable. = = | 


ups 


Fig. 1. by 0-5 wg of boron: curve A, in 
ve formamide; curve B, in N-methylformamide; curve C in NN- 
dimethylformamide; curves D, E and F, blank fluorescence 
ponding to curves A, B and C, 
§ 


300 -— 


_ isobutylamine; curve | C, n-pentylamine salt 
_ as hive | a! 
DEVELOPMENT OF OF BORON - BENZOIN- FLUORESCENCE IN FORMAMIDES— 


_ Effect of substitution in amino  group—The fluorescence developed i in formamide and its — 
N-methyl-derivatives was more intense for a given concentration of boron; test solutions — 
containing 0-5 wg of boron were therefore used. Fig. 1 shows the curves obtained for form- _ 
amide, N-methylformamide and NN-dimethylformamide when isobutylamine was used as — 
base and the solution was de-oxygenated with hydrogen. , Once again, we observed consider- 
able variations in the maximum ‘fluorescence intensity attainable i in solvents having closely 
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a Effect of different bases—When glycine buffer solution was used with the formamides, 
even in amounts up to 2 ml, no boron fluorescence was developed; this is in contrast to the & 
behaviour in ethanol, which gave the strongest fluorescence with glycine buffer solution, 
There were small variations in the fluorescence intensities attainable when different primary 
amines were used. This is shown in Fig. 2, which gives the curves for 0-5-ug samples of boron 
in formamide, with isopropylamine, isobutylamine and pentylamine as base. 
Measurements of pH were made on the samples in formamide with the addition of iso- 
Bice oceanic or isobutylamine. It was assumed that the formamide was a strongly i ionising 


A 


Time, minutes 

Fig. 3. Effect of oxygen on fluorescence dev eloped by 0-5 - mia 

boron in formamide: curve A, isopropylamine as base and solution 
" de-oxygenated; curve B, isopropylamine as base and solution not _ 

de-oxygenated; curve C, isobutylamine as base and solution de- | 
_ oxygenated ; curve D, ee as base and solution not de- 


solvent and that the glass electrode of the pH meter would give reasonably correct readings 

= these conditions. Formamide has a high dielectric constant; it will conduct by means | 
of free ions when inorganic compounds, such as hydrogen chloride or potassium chloride, 

: are dissolved in it.6 Readings of pH 13 were obtained on our solutions. This value is close 
_to the pH of the glycine buffer solution (12-8), which suggests that the conditions of alkalinity 


Ss by the ones amines in formamide are similar to those — by the glycine 


as base, both with and without de-oxygenation; curves with as 
a under similar conditions are also shown. ? Apart from the ee time needed to develop 


= when isobutylamine was used there was little decrease in the maximum fluorescence attained 
_ The relative values of fluorescence intensity for 0-5 pg of boron in the various solvents 
“under the most favourable conditions are shown in Table I (see p. 67). These results indicate 
that, in formamide with isobutylamine as base, the fluorescence intensity was 250 units, on 
an arbitrary scale, whereas that attained in ethanol with glycine buffer solution as base was 
only 50 units; i.e., formamide has a five-fold advantage over ethanol. 


‘The relationship between fluorescence intensity and the boron content between | 0-05 and 
05 -6 wg of boron was determined with formamide as solvent and isobutylamine as base. All 
samples were kept in the dark after mixing and de-oxygenation, and fluorescence was read 
40 minutes after mixing. + Al linear relationship was found. 
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¢ ‘In all experiments the temperature | of the sample was 20° + 2°C. No significant 
variations attributable to temperature “were noted, but no specific study of 
_ We have confirmed that oxygen has a considerable effect on the intensity of the ee 


_ ffescence of the boron - benzoin complex in ethanol, as reported by Parker and Barnes. 4 The | 


ution, 
mary 
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4 = a decrease in the maximum intensity attained. It is strange that White and Hoffman’ 
_ did not report the effects of oxygen, as their curves for ethanol (with glycine buffer solution or — 
_ Jisopropylamine as base) are similar in shape to those found by us for de-oxygenated solutions : ; 
and show no induction period. Possibly, White and Hoffman’s solvents were freshly distilled _ 
immediately before use and thus already de-oxygenated. On the other hand, we have not | 
observed the serious errors of up to 50 per cent. reported by Parker and Barnes for experi- — 
ments in which the solution was not continuously de-oxygenated by an inert gas. Un 
doubtedly, their solutions (72 percent. w/w aqueous ethanol 0-005 N in sodium carbonate) 
were much more sensitive to oxygen than were the solutions containing glycine buffer or a_ 
amine investigated by White and Hoffman and ourselves. 
5 Once the solution has been de- -oxygenated and placed in a stoppered cell there appears to ce 
B be no necessity for a continued flow of gas through it, and steady readings can be obtained for * 
up to 60 or 70 minutes after mixing. The quenching of fluorescence in hydrocarbons, due to 
Bi dissolved oxygen, has been described by Bowen. ‘ootteviog 
_§ The suppression of the induction period by adding more glycine buffer solution suggests 
‘Bi that the glycine removes oxygen from the solution in addition to controlling the pH. It is 
interesting to note that, although glycine buffer solution produced the strongest fluorescence _ 
when ethanol was used as solvent, it was ineffective in the formamides, whereas the primary » 
—— were able to induce strong fluorescence in these solvents. 
__ The fluorescence intensities found in formamide and its N -derivatives were much higher a 
than those attainable in ethanol. Here, our findings differ from those of White and Hoffman? =| 
| who stated that the intensity attainable in formamide with isopropylamine as base was similar 


to that in ethanol for identical concentrations of boron. Our results show that we obtaineda __ 


five-fold increase in intensity by using formamide instead of ethanol; this ese a i 

INFLUENCE OF STRUCTURE AND DIELECTRIC ‘CONSTANT OF SOLVENT— 


loride, 

. let In considering the effects of the different solvents used, it appeared that the two most 
linity portant differences between the alcohols and the formamides were (a) molecular structure = 
lycine and (d) dielectric constant. The dielectric constant and the maximum fluore scence (iN 


te arbitrary units) attainable for 0-5 yg of boron are shown in Table I for the solvents used. chic 


DIELECTRIC CONSTANTS <D FLUORESCENCE ATTAINED wee ‘VARIOUS SOLVENTS 
‘ | H,-OH 


The | effects of both structure and dielectric constant are apparent. sins’ structure of - a 
see appears to be more favourable to . the development of fluorescence than do those — 
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'VESTIGATION (OF BE BENZOIN 
oft ‘the alcohols, €.£., the use of NN- sdiaattaditanindatta leads to a much higher | intensity than § 
- does that of methanol or ethylene glycol (in which there is no fluorescence), although the 
dielectric constants of these solvents are similar in magnitude. = 


_ With the formamides, there is a tendency for fluorescence intensity to increase with 


dielectric constant; for example, with a given amount of boron, formamide, which has a 
dielectric constant approximately three times that of NN-dimethylformamide, gives approxi- 


a “hold for N-methylformamide, which has the highest dielectric constant (190-5), but gave less § 
_ fluorescence than did formamide. There was a long induction period when N-methylform- 
amide was used as solvent, in spite of de- -oxygenation, and there may have been some inter- 
ho here appears to be no relationship between dielectric constant and fluorescence in the 
alcohols, since methanol and ethylene glycol, which have the highest dielectric constants of 
_ the series, yielded the lowest fluorescence intensities. Here, the influence of structure is 
_ obviously more important. The solvents ethyl methyl ketone and pyridine are probably 
unsuitable for fluorescence development from both structural and dielectric constant consider- 
_ The fluorescence in ethanol was blue and that in formamide was predominantly green. 
The: curve of the emission spectrum in formamide has not yet been measured, but the colour 
indicates that the peak of the spectrum has shifted to a longer wavelength with the increase 
in dielectric constant from 24-3 for ethanol to 115 for formamide. This effect of dielectric 
_ constant is well known and has been described for solutions of dimethylnaphtheurhodine* 
_ and for anthracene. De Ment!® has discussed the subject of interaction between solvent and 


fluorescent solute and has suggested the formation of solvates. In this system, increased § 


solvation should provide greater possibilities of energy transfer, and therefore a lower fluor- | 


/ as the dielectric constant increases. Although this wavelength shift has been | 
‘The dev: elopment of the boron - benzoin fluorescence is, therefore, a complicated process, 
involving interaction between the boron - benzoin complex and molecules of a suitable solvent 
medium (preferably having a high dielectric constant). The basic compounds present also 
4 have a considerable effect on the development of fluorescence. The strong hydrogen- 
bonding and dimerisation in ethylene glycol apparently prevent the molecule from interacting 
with the benzoin complex, but hydrogen-bonding in formamide and N-methylformamide, 
- giving rise to association into chain polymers and so to a high dielectric constant, as described 
= Leader and Gormley," is helpful in increasing fluorescence and apparently does not inter- 
“s with the interaction. A more detailed investigation is required to determine the exact 
We have borne in mind the various sources of error discussed by Parker and Barnes' 
for their boron - benzoin preparations. The inner-filter effect has not been studied for our 
solutions, but at the low concentration of benzoin used (about 0-06 per cent. w/v) this effect 
is probably small, and the fact that a linear relationship is obtained in the range 0-05 to 0-5 yg 
of boron indicates that no serious interference is being experienced. The concentration of 
benzoin is in a thousand-fold excess over the required equimolecular concentration n for boron 
at the 0-5-yg level, and this assists in maintaining constant conditions. j= = 
With regard to photodecomposition of the benzoin during measurement, with a dose 
_ rate of about 2-0 micro-einsteins per minute at 366 mp from the MB/D mercury lamp, ' the 


_ total exposure of the sample to irradiation was no more than 15 or 20 seconds. oe by Lcd, 


in composition from those used by Parker and Barnes, it would be valuable to extend the 
q investigation to determine the rate of oxidation of benzoin and the i ee -filter effect in si 

amide - solutions under various of irradiation. 


escence intensity, with a shift towards longer wavelengths (corresponding to lower energy § 


_ error produced in our experiments is small. In the plotting of a typical fluorescence curve the 


This work has been approached more from the empirical standpoint of obtaining a practi- | 
’ cal and sensitive method for determining boron. However, as our solutions differ radically | 
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1961] METHOD FOR -FLUOR IC DETERMINATION OF BORON 


the 
asa was ‘part of. a for the of high-purity silicon made on behalf 


of Standard Telecommunication Laboratories Ltd., and we acknowledge their permission to 
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rease, 
OCESS, 
vent methods? on the formation of hydrogen sulphide and its conversion tomethylene ow 
t also # blue by treatment with p-amino-NN-dimethylaniline. Anomalous results were obtained in a 
ogen- @ determination of lime-sulphur deposits on plants, and a more detailed study bad the reaction condi- — 7 
acting tions was therefore made in an attempt to eliminate the causes of variation. 
mide, The ‘relatively large amounts of ‘sulphur present i in the hydriodic | acid - formic « acid-red — 
cribed phosphorus reagent “were conveniently removed from bulk amounts of the mixture by bubbling - 
inter- § nitrogen through the stirred boiling mixture for 30 minutes daily. Most of the sulphur (75 per 
— cent.) was present in the red phosphorus and the last traces were only slowly removed, as ree by 
fiect _ Sulphur removed, yg ++ 1820 6-0 00 
0-5 Some samples of the p- -amino-NN-dim methylaniline salts gave solutions that 
ion of f resulted in significant blank values, one specimen giving a blank equivalent to 0-30 yg of sulphur. 
boron Treatment with active carbon and activated alumina removed the coloured eer and reduced 
the blank value to the equivalent of 0-05 wg of sulphur. 
dose several occasions a solution of the amine salt in 7-2 N acid? gave blank values 
P, the equivalent to about 50 yg of sulphur. This was due to the action of some volatile reducing agent | 
ve th (but not phosphine), which interacted with the sulphate in the final mixture to yield hydrogen» 
AP sulphide, which then reacted to form methylene blue. These high blank values appeared to be 
practl B associated with | the presence of free iodine i in the reducing mixture, and boiling the mixture for 15 _ 
nope ‘minutes immediately before use eliminated any further interference. le To avoid the reduction of 
nd th 


sulphate a solution of the amine dihydrochloride in hydrochloric acid was ev entually used. he Wa | 


form- wy Several workers*‘ have stated that the shade of the methylene blue colour was dependent o on 

Pa the concentration of acid in the final mixture. _ The effect of the volume of amine reagent added ta ; 
ia is shown in Table I, the resultant colours varying from pink at 0-6 ml through blue at 1-0 to 2-0 ml — q ‘ 
vee to distinctly greenish at 4-0 ml. - To allow for the additional effect of the small amount of formic a 
ccd acid always carried over in the stream of nitrogen, it was decided to use 3 ml of the reagent. — Pure - 


methylene blue showed d negligible visual Variation in colour in various concentrations of acid, 
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although there were significant senior when the solutions were examined spectroscopicall 


y, 


_ Absorption at 670 mz. 0-688 0-631 0587 
Absorption at 750 my. 0-002 0-069 0-117 192 0-261 0-824 


Slow rates of nitrogen flow resulted in incomplete recovery; a high a rate of flow also | gave 
low results, as hydrogen iodide was carried over into the graduated cylinder. - The hydrogen iodide § 

_ not only decreased i the pH during formation of the methylene blue, but later reacted with the added 

ferric” chloride to give iodine, thereby i interfering “with c colour development. Interference by 

hy drogen iodide was overcome by using a double-surface condenser in place of the usual Liebig 
condenser. The optimutn rate of nitrogen flow was found ty be about 40 ml per minute. 
~ Standard solutions of sodium sulphide are convenient for preparing standard colours.? + 
ever, the concentration of one such standard solution deteriorated from 9-1 to 7-8 and then to 6-2 pg 
of sulphur per ml 3 days, Budd have also 


OF VOLUME OF AMINE ‘ADDED 


im 0-185, 0-184 0-018, 0-017 
ones, 0-251 0-077, 0-076 
‘ 0-260, 0-119, 0- 
+282, 0-270 0-158, 0-139 
0-274, 0-285 0-166, 0-174 
0-266, 0-275 0-184 


0-274, 0-203, 0-203 
0-266, 0-261 0-215, 0-214 


4 


—- of sodium sulphide solutions. For this reason a solution of potassium sulphate (dried 


at 105° C for 24 hours) was used in the preparation of the standard graph, which was linear up to 
_ 15 wg of sulphur and conformed with the expression A = 2-03 x 10-*B, where A is the absorption 
at 670 my in a 5-mm cell and B is the number of micrograms of sulphur present. (This corre- 
sponds to a 64-7 per cent. yield of methylene blue from sulphur.) Owing to the adsorption of 
_ methylene blue on glass cells, it is necessary to clean the cells with chromic acid after use. It was 
_ found that the presence of up to 1 g of water in the sample did not interfere with the conversion 


he Reducing mixture—Heat to boiling-point a stirred mixture oi 114 ml of formic : acid (98 to 
- 100 per cent.), 150 ml of hydriodic acid, sp.gr. 1-7, and 22-5 g of red phosphorus, and nak ae 

gentle stream of nitrogen through the boiling liquid for 30 minutes. Continue to stir and maintain 

the flow of nitrogen while the solution is allowed to cool. Repeat this procedure on successive days 


_ Zine acetate mixture—Dissolve 5 g of analytical-reagent grade zinc acetate dihydrate in 100 ml 


of distilled w ater, and add 1-25 g of analytical-reagent grade sodium acetate trihydrate and 0-05 ml 


“ p-Amino-NN- dimethylaniline solution—Dissolve 0-5 g of p-amino-NN-dimethylaniline di- 
i “hy drochloride in a mixture of 250 ml each of concentrated hydrochloric acid and distilled water. 

Add 2: ‘5g of activated charcoal, and swirl for 10 minutes. Pour the mixture on to a column 
( 14mm internal diameter) packed with 10 g of activated alumina. The first portion of the eluate 
has a pH greater than 1 and should be discarded. 

Ferric chloride solution—Dissolve 2 g of anhydrous ferric chloride i 100 

= 7 


ce - Place the sample containing not more than 15 yg of ‘sulphur and 1 g of water in the flask of 


the apparatus shown in Fig. 1. Add 10 ml of reducing mixture, taking care that the red phos- 


_ phorus i is evenly suspended throughout the mixture. By pipette, place 5 ml of zinc acetate mixture 
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in a 25- ml graduated cylinder, and dilute to 18 ml with entenc) 


40 ml per minute through a bubbler containing 4 N sodium hydroxide, into the flask and ees f 


into the zine acetate solution through a delivery tube immersed to a a of 10cm. Heat ~ 3 


atthe 


= 


contents of the tie! a niet boiling during 5 minutes, and continue heating for a insane 15 
tice minutes. Disconnect the delivery tube from the apparatus, and drop it into the graduated cylinder, _ 
intain Bf sdd 3-0 mi of p-amino-NN-dimethylaniline solution, insert a stopper into the neck of the cylinder _ 
> days and carefully invert several times to ensure efficient removal of any precipitated zinc sulphide a 
peat inside the delivery tube. Set aside for 10 minutes, add 0-2 ml of ferric chloride solution, and mix | = 
00 m thoroughly. _ After 15 minutes, remove the ne delivery tube, wash it with water, _add the rinsings to 2 
—— the contents of the cylinder, and add water to give a total volume of 25 ml. 7 Measure the absorp- 
__,. f§tion of the solution at 670 my after 15 minutes. Rinse the inside of the double- surface condenser | 
edi immediately after use, first with water and then with a little sulphur-free acetone to remove traces 


ky, M.. Ibid.. 1949, 21, 732. 
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‘RADIOCHEMICAL DETERMINATION OF MICROGRAM ‘AMOUNTS OF CHLORIDE» 


CHLORIDE been determine? in drinking- -water by t titration with radioactive 


topic-dilution technique in which chlorine- 36 is s used to determine ; microgram amounts of chloride 
ion with considerable accuracy. If to a solution containing chloride is added a known amount of 

} labelled chloride and then sufficient silver nitrate to precipitate a known amount of silver chloride, 
inal seeeeeneeneas of chloride is inversely proportional to the activity of the precipitate. 


: ‘To 10 ml ofa a slightly acidified solution containing from 30 to 300 pe pg of chloride add exactly 
1-00 ml of a solution containing 190 pg of chloride labelled with chlorine-36. Mix thoroughly, 
add exactly 0-50 ml of 0-01 N silver nitrate, spin the mixture in a centrifuge, and carefully remove 
“the supernatant liquid by suction through a fine capillary. Dissolve the precipitate in concentrated 

| ammonia, transfer the ammoniacal solution to stainless- steel planchets, evaporate to dryness, and 
count under a thin end-window - Miller tube. ek. 


counts minute. 


- Some typical resu sults by the proposed method were— 
"Chloride present in 10 ml of solution, 5 
Chr ity, counts per minute 3960 
: ons n which it can be seen that, considering the small amount of chloride present, ‘the secevery was 


of high precision. A preparation of higher specific would accurate 
_of much smaller amounts of chloride ion, 


Langer, A., Anal. Chem.,1960,22,1288. | 
Moeller, D. W., Terrill, J. G., jun., and Seal, M. S., ‘Peaceful s of Atomic En Atomic 
a International Conference in Geneva, 1955, United Nations, 1956, Volume XV, p. 49. | 
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THE large and | ever-increasing of literature makes it desirable to be able to 


studies of them. Two of the most important parameters for defining performance are precision 
and limit of detection. To facilitate comparisons, it is preferable that these two parameters 
_ should be defined on a sound and uniform basis. = purpose of this Note is to consider possible 


‘compare the performances of reported methods without having to make detailed experimental 


Analysts have become increasingly aware that statistical techniques provide a ‘sound and 
_ uniform basis for interpreting and presenting experimental results. The standard deviation of a 
_ particular method is a most valuable statistic for defining precision, and to-day most papers quote 
§ this parameter. The usual, although not invariable, procedure adopted appears to be to analyse a 
series of identical samples, to subtract an appropriate blank value from each result and then to 
calculate the standard deviation of the corrected results. This standard deviation is often quoted 
as the precision of the method. However, this procedure does not generally give the tr true standard 
deviation because 1 no account is taken of the variability of the 
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where Sa, Sp and Sc are the standard deviations of A, BandC. Itis the standard deviation of iC 7 
~* Fthat is of interest and therefore, in general, the standard deviations of sample and blank should 


both be determined. The relative values of A and B in no way affect this argument; it is only their 


This ; would also be of use in indicating rer or not the standard deviation depends on concen. 
tration. Finally, the results would be of value in connection with the limit of detection (see belov 


_ The standard deviation of a set of results may depend on whether they were obtained by one ~ a 
analyst i in one laboratory, by several analysts in one laboratory, by an analyst in each of several. ee 
aboratories, etc. From the above argument, it follows that the standard deviation of the blank 7 . 
should be determined by exactly the same procedure as is used for the samples. In reporting 
results, the method used to obtain them should also be made clear. It is not sufficient merely = 
say that replicate analyses were made to determine the standard deviation; factors such as the © 


number of analysts and and the which’ the res results were obtained 


of the smallest amount or concentration that can just be detected are aeuiet on subjective 
interpretation of the word ‘‘smallest’’; the smallest detectable amount (when sufficient <gomanen dll 
tions are made) may be very different from the smallest amount that can always be detected. 
Statements related to the smallest observable reading that can be made on the scale of an instr 
ment are meaningless unless we know the sensitivity and precision of that instrument and also the 


precision associated with any pre-treatment of the sample before the instrument is used. Others 
have suggested a given multiple of the blank result or of its standard deviation. RS General consider- | 
ations indicate that, if the blank has a large variability, it is not possible to ) detect such small 
amounts in the sample as when the blank is constant. For this reason, I think that the standard 
deviation of the blank is, in general, of fundamental importance in defining the limit of detection. — 
Again, it is suggested that the standard deviation of the blank should be reported whenever possible. 
% e A definition can | be made quantitative by considering 1 the probability of detection of different 


amounts of impurity. As above, Sc = Sp’, and, assuming that Sa Se, ‘then nSc = 

This implies that, even if the sample contains an amount of impurity, C, there is a finite chance that | 

ithe analytical result will be zero or less, 7.¢., the impurity will not be detected. Clearly, as c 

increases, the probability of obtaining a value <0 decreases. By choosing different values for C 
cision Jone can calculate the probability of detection from the known properties of the normal distribution. _ 
1eters @Similarly, the probability of detecting an amount, C, of impurity when the sample contains none 
ssible an also be e calculated. — _ For this purpose the Tables of normal distribution given by Davies! have be 
been used. The results are shown in Table I, which indicates that the probability of detection is — 
4 _ fReasonably high when the limit of detection is set at values >2S,. If the standard deviation of the — : 
_ __, pblank is quoted, the appropriate detection limit may be set depending on the certainty required in 
i and any particular analysis. The blank value may depend on many factors, which vary from one = 
}batch of analyses to another. For detecting very small amounts of impurity, at least one blank 
value should be determined together with the samples in order to avoid between-batch variability. — 
Thus, the standard deviation of the blank of importance to the limit of detection is that corre- 
sponding to the within-batch variability, 
| — The above discussion has rested on the assumption that the standard deviations of the sample 
and blank are equal. Provided that the same significant sources of error apply to both, this assump- 
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tion appears to be reasonable when the value for the sample is very close to that for the blank. 


If the amounts of impurity found in the sample and the blank are A and B, respectively, the 
“tive | true impurity content of the sample, C, is given by C= A — B. Assuming that the results for - fe } = en 
iso. and blank have normal distributions (in the statistical sense), then the standard deviation 
at — 
rid | 
tat 
t, when 
actly §S,* is approximately equal to Sp?, the true standard deviation will be about 40 per cent. (i.e., a ar — 
ghly, Factor of 2) greater than the standard deviation calculated from the sample results only. The ox 
noe: atter instance will frequently arise when the sample values are close to the blank value or when a a 
e standard deviation of the method used is independent of concentration. It is suggested, there- 
oride 
= 
20 
ation 
q 
— 
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prasees ~s operations not ‘replicated with the blank. For such examples, the limits of detection : 
calculated as above will be falsely low. However, if these additional errors exist, the analyst! Zt a. 
_ will usually know of them and will therefore be ee to make an estimate of their effect. ThisfStahl 


-PRopaBILITY OF D: OF DETECTING 


Limit of impurity present when none is 
detection (C) amount C tt ‘Present 
0-921 0-079 


mov’ 
method of defining the limit of detection can also fail with methods in which the analytical wiped solv 
- is zero for finite concentrations, e.g., ee a gravimetric method fo: for re the lower limit is set by 
ew This ‘method of defining ' the limit of detection was suggested to me me by A. Liddle; e; this: suggestion 
is g gratefully acknowledged. This Note is published by permission. of Dr. J. S. Forrest, Director 
of the Central Electricity R h L 


1. Davies, 0. , Editor, Design and of Ind Industrial Experiments,” Oliv: er & = Ltd, 
London and Edinburgh, 1954, p. 
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CHROMATOGRAPHIC BEHAVIOUR OF 2, 4- DINITROPHENYLHYDRAZONES ON 
In an investigation of volatile carbonyl compounds from foods, a rapid method was needed form 
separating the 2,4- -dinitrophenylhy drazones of aromatic aldehydes. The most convenient method§ 
seemed to be the ‘‘chromatostrip” or “‘chromatoplate” technique described by Kirchner, , Miller 
and Keller,’ which involves use of strips or plates of adsorbent-coated glass. To prepare layers of 
good mechanical strength, a substance such as pectin or gypsum is added to the adsorbent, together 
= enough water to form a thin slurry; much experience is needed in order to cover the plates 
_ with an adsorbent layer having reproducible properties. Stahl? devised a simple apparatus that 
produces homogeneous layers of thickness about 200 without much skill on the part of the 
operator. The most essential part of Stahl’s apparatus is a small tank, which contains the 
adsorbent suspended in water. The tank is provided with a narrow slit so that, when it is moved 
over the glass plate, the surface is covered with a thin layer of the adsorbent, the thickness: of 
eae defined by ees of the slit and the amount of of water used to prepare the e slurry. 


a. Chromatoplates were prepared by using Stahl’s apparatus (obtainable from C. Desaga G.m.b. H, 

_ Heidelberg, Germany), with silica gel G as adsorbent. (Silica gel G, a standardised mixture of 
silicic acid and gypsum, is obtainable from E. Merck A.G., Darmstadt, Germany.) — if The plates were 
stored in a metal rack open to the air and were activated before use; activation was carried out at 

— 110° °C for 15 minutes. The plates were then cooled by setting them aside on a glass plate for 

about 5 minutes. The compound or mixture being was dissolved in chloroform, 
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es ir sometimes poor; for such compounds dioxan was used 
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Ge 
nstead. The spots were - applied 2cm from the bottom of the plate and le cm apext. Pa: Eighteen 
pots could be chromatographed on one plate when an ascending-solvent technique was used. __ . ee 
_ The activity of the adsorbent layer was calibrated by using the test mixture described by — pe es 
tahl,? a solution of butter yellow ( p-dimethylaminoazobenzene), indophenol blue and Sudan red G 4 
na volatile solvent. The treated plates were developed in ordinary glass tanks, the solvent — i 
venerally being allowed to rise 10cm. In the first experiments, results were not reproducible, a 
mut good reproducibility was attained when the atmosphere in the tank was saturated with the = a 
vapour Of the solvent used to develop the chromatogram. ies was done by covering = 2 walls a 
f the tank with filter-paper dippinginto the solvent. 
_ After development of the chromatograms, the positions of the 2,4- Se on 
were measured that of the butter yellow, the 4 R, value being defined by the expression— 


Ry Movement of 2,4- from start, mm 


- Movement of butter yellow from start, mm 

pres AND DISCUSSION OF THE ‘METHOD 

a: he Rs values were independent of the time of development and of the rates at which the spots 
a (3+ 1) mixture of benzene and light petroleum (boiling range 60° to 80° C) as 


Movement of butter yellow from start, mm 
value of 2,4- -dinitrophenylhydrazone of a-ionone 
Rs of 2,4-dinitrophenylhy drazone of benzaldehyde 


able I = Spots were separate when their Ry values differed by 0-10 to 0-15. wh TF 


REPRODUCIBILITY oF Ry 


‘Compound, as of Rp Standard deviation = 
2,4- experiments value ofa single observation — 


~ 
VALUES OF SOME 2 IN SOLVENTS A AND B 


{7 a-Ionone 


rom a number of solvents tested, two were pry aa developing the chromatograms. — 

(hese were a (3 + 1) mixture of benzene and light petroleum, boiling range 60° to 80° C (solvent A), 

and benzene containing 5 per cent. of ethyl acetate (solvent B). As a measure of the resolving — 

power of a solvent, the R, values of the normal saturated aliphatic aldehydes were determined as a 

function of their chain length. The results for solvents A and B are shown in Fig. 1, from which > 

it is clear that solvent A is the most suitable for the aliphatic series. Solvent B is of value for _ 


= 


Le of acetaldehyde, behzaldehyde a and a-ic -ionone; ; the results are ‘shown in a 
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Mixtures containing vanillin, on and ethylvanillin are not separated by 


A, but can be readily : resolved by vu using pene B. __ Mixtures of the are with other ey 


is 


Number of carbon stoms atoms in cain 
Rs values for 2, 
asa function of chain length: curve A, benzene - light 
petroleum mixture (3 + 1) as solvent; curve B, benzene orm a 


Containing 5 per cent. of of ethyl aceta acetate as solvent doting 
» ol The method is suitable when mixtures of aliphatic and aromatic carbonyl compounds have to} 
s be separated. The spots can be scraped from the plates into centrifuge “ and the 2,4- dinitro- 


phenylhydrazones can then be extracted with chloroform and subjected to ultra-violet ng 


photometry, melting-point determination and flash-exchange ine 


Stahl, E.., 1956, 11, 633. 
Ralls, J. W., Anal. Chem., 1960, 32, 
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i DEVICE FOR INCREASING THE SENSITIVITY OF A pH METER ‘ 

_ CERTAIN titrations to a fixed pH end-point show only a small i increase in pH for increase in titrant 
added at the equivalence point, e.g., the titration of aluminium in sodium aluminate solutions 
(when the aluminium is determined by titration of hydroxyl ions released by adding potassium 

_ fluoride solution’) and the determination of boron by titration of its complex with mannitol. 

_ Because of the inherent stability of the Pye Universal pH meter, a sensitivity of pH reading above 
that provided by the instrument can be attained by use of the external socket fitted to the instru- 

{ ment, which gives an output of 100 wA per unit of ft pH. a Ane eight- ames increase can be attained by 
means of a simple adapter and auxiliary meter, 


a The instrument normally covers 3 two ranges of PH, viz., 0 to 8 and 6 to 14, over a scale length 


up to a maximum of 1 unit of pH for full- scale deflection on the auxiliary meter. To allow 
. full flexibility of this increased sensitivity, a backing-off device provided by a small adjustable 


voltage in series with the electrode system permits the meter to be set for any required range ina 


ing or ‘decreases in means of a 
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The adapter is designed round a 0 to 100 pA meter ecenagi i length of 5 inches (1 i 
= 1A), and provision is made for variable sensitivity or a maximum sensitivity of 1 unit of ion 
jull-scale. Since the auxiliary meter can only be used over a pH range of 0 to 1, 0 to 2, etc., a 
recorded on the main meter, the adapter must have a means of shifting the reading up or down 
cover the required range, since the controls fitted to the instrument do not have sufficient movement. ie 


This is done by using a 1-5-volt cell (Every fa No. U2) and a i pee divider; the circuit 


Ri, = ohm resistor 


witch positions— 


Auxiliary meter r shorted; battery off 
Auxiliary meter shorted; ging on 


olutions 
ytassium 
jannitol. 
ig above 
e instru- 
uined by 
e length 
nsitivity 
To allow 
|justable 


Variable sensitivity; battery on 
Maximum 


‘Fig. 1. Auxiliary ‘meter and potential-divider circuit pane 


an adjustment of the output voltage - from i“ unit cell to > permit the the correct sehen to | be 
maintained; the modification is shown in Fi ig. 2. 


_ For certain pH titrations we om found that a sensitivity of 2 units of pH (full-scale) is most | 
convenient, t.e., 1 division = 0-02 unit of pH. _ With sucha setting, the zero of the main instrument : 
can be adjusted to read pH 2-0, which can be used to set up the auxiliary meter; this permits a : 
~— check on the sensitivity of the auxiliary meter to be made during a titration. _ gradt be oe a 

The instrument is set to the required sensitivity, e.g., 2 units of pH, with the switch in pection 
¢ and the main meter reading 2-0, by adjustment of potentiometer P, to give full-scale deflection — 
on the auxiliary meter. The range is then set by using a suitable buffer solution, e.g., in the 
aluminium titration a 0-05 m sodium tetraborate buffer of pH 9-18 is used. With a sensitivity 7 
of 2 units of pH for full-scale deflection, the meter is set to read 9 scale divisions (1 division = 0-02 a 
unit of pH) by means of the backing-off potentiometer, P,; the main meter will then read 0-18. Thus © 
the auxiliary meter covers the pH range 9 to 11; the titration is carried out to pH 10-4 (70 divi oe 
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_ By means of the fixed- -pH-increment switch, the course of pH titrations cé can | be followed a 
_ The stability of the instrument is so high that there is no detectable drift of the vaailiietee metet 
nisin a titration ; it is usually less than 0-02 unit of pH between titrations. The adapter has beey 
in use for more than 12 with satisfactory results. ao 


10, :000-ohm I- watt carbon resistor bnumanies 4 units of pH) 
4700-ohm I-watt carbon resistor (increment 6 units of pH) 


Fig. 2 


‘The; adapter can can be used with a any pH meter fitted sia an oseuns high-sensitivity socket and 


* an be suitably modified when the sensitivity is different from that of the Pye instrument. _ 


I thank Mr. G. P. King, of W. G. Pye & Co. Ltd., for helpful advice in advice in Guigning the tee 


and The British Aluminium Co. Ltd. for permission to ublish. — 


Watts, H. L., Anal. 1958, 30, 967. = 
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| BESTIMMUNG DER LOI DE IN DROGEN enn 


By Prof. Dr. rer. nat. Orro-Er1cH ScHuttz and Prof. Dr. rer. nat. FELIX ZYMALKOWSKI. 
Pp. x + 295. Stuttgart: Ferdinand Verlag. Price (paper) DM 73; (cloth 
‘The first part of this book, dealing with general principles, starts with a section of 63 pages 
% ‘describing methods of isolating alkaloids, and, in addition to accounts of classical methods, there 
4 are discourses on the application of both column and paper chromatography. _ A further 40 pages 
< are devoted to the general principles of determination. After this there follow the working methods 
for 26 groups of alkaloids, for example, ipecacuanha alkaloids, opium alkaloids, rauwolfia alkaloids, 


and so on. _ This portion, occupying 181 pages, is the book itself and it is excellent. Working 
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_ details for carrying out the assays are presented in small print, and full descriptions for effecting } 


separations of associated alkaloids, usually by chromatographic methods, are included, references 

to the literature being quoted at every step. The useful monograph of 31 pages on the ergot 
_ alkaloids well illustrates the thorough a manner it in which the authors have dealt with anes subject. 
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reeman (A 1955, 80, 520) i is not described or even mentioned. _ 
_ This book will be welcome to those few who practise in this difficult beaiaete of iene, 
ecause, although they know that alkaloidal analyses rarely proceed according to the written word, © 
they will have ready to hand a helpful account of most of the — work published on the © 

SLEMENTARY ANALYSIS. By! AMG. PhD., A.R.LC. ii 

London: Butterworths Scientific Publications. 1960. Price 12s. 6d. 

_ The teaching of practical inorganic chemistry in schools and technical colleges usually in 

some aspects of titrimetric analysis, and it is in these early exercises that the student acquires a 
sense of achievement and a practical appreciation of the fact that molecules do react in accordance 
_ For these reasons, too much importance cannot be placed on the teaching of fundamental 
itrimetric analysis and in the choice of supporting practical exercises. In this publication, the 
author has established a judicious balance between theoretical and practical aspects of the subject 
seeping each simple. and well within the ‘comprehension of the a average student. pirex 

_ The practical exercises, beginning with simple acid - base reactions and concluding 
somplexometric titrations, are representative of everyday laboratory practice, and each is prefaced 
oy a brief, though adequate, account of the underlying principles involved. _ any Seo ee 

oe This small inexpensive book is remarkable in its coverage, and the author is to be congratulate 

on a the information so precisely. 4 In its class the book fulfils an outstanding need. R 


OF COMPLEX K. B. YATSIMIRSKII and V. P. VASIL’EV. 
from the Russian by D. A. ‘PATERSON. Pp. viii 218. fond, 
York and Paris: Press 1960. Price 42s. 


matical functions characterising the step-v wise formation of metal complexes in solution (19 pages) : 
and then summarises the experimental methods used for determining stability constants (48 pages) 
and the thermodynamics of complex formation (8 pages). Te concludes w: with an ‘account (17 pages) o ill 
factors determining the stability of complex compounds in solution. 


serious Omissions; in this aeeaen the compilation cannot bear comparison with the edietinnaes: 
and authoritative Tables of Stability Constants, Part I (Organic Ligands) and Part II Me ae 


any the ting of names in the 
CHEMICAL PLANT INSTRUMENTATION: : Notes o ON THE UsE oF In 
+ London: The Association of British ‘Manufacturers. 


a The contents of this book are best described by its sub-title. it is a series of brief. articles 
itather variable in length, content and outlook, on some of the instruments used on chemical plants 
The stated aim of the book is to stimulate interest, and it is intended for the managements of firms 
having little or no instrumentation. It must therefore be judged accordingly, = =~ 
_ In general, these short notes achieve their purpose of stimulating interest, but I think that _ 
they might have been rather more useful to the intended reader if some information about the 
aloids, practical uses of the instruments had been given, with examples of their application to specific 
orking problems. The names of the manufacturers of the instruments 
ecting costs, would also have been useful additional information. 
inom im Although adding nothing new to the subject of instrumentation, the sii sum 
m ai eames the uses of some of the commoner instruments and, as such, should be useful. 


ved agin this connection it is somewhat disappointing that, in the account of the colorimetric determina- _ Bie a, Be 
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PUBLICATIONS ‘RECEIVED 


asa reflection upon the Professional ability and of Mr. Hetman. 
_ It was the reviewer's intention only to suggest that it would have been worth while to obtaig} 
‘a second opinion oe to publication as to the possible limitations of the methods in general 
Publications Received 


Vol. No. 1, October, | Editor: Francis E. Camps, 


RADIOACTIVE ISOTOPES IN BIOCHEMISTRY. ENGELBERT BRopA, x + 376. 


London, New York and Princeton: Elsevier Publishing Co.: London: D. Van 


Const p1 ANALISI CHIMICA SEMIMICROQUALITATIVA. By Professor MarRIo GIORDANI. Pp. x + 270, 


OF Anatvess. OF THE ASSOCIATION OF AGRICULTURAL CHEMISTS, 


‘Edited by Witt1am Horwitz. Ninth Edition. Pp. xx + 832.— Washington, D.C: 
Association of ‘Official Agricultural Chemists. 1960. Price -50 (in U.S.A); 
OF THE Symposium ON THE CHEMISTRY OF CO-ORDINATION CoMPOUNDS, 
 INpIa, FEBRUARY 7TH & 8TH, 1959. Part 1: op. vi + 148; Part 2: pp. iv + 203; Part3 

pp. vi + 302+ vi. Allahabad, India: Nationa: Academy of Sciences. 1960. Price 

— (Part 1) Rs. 15.00; (Part 2) Rs. 25.00; (Pest 3) Rs. 35.00; (all three Parts) Rs. 75. 00. “te 
Orcamtc ANALYSIS. Volume IV. Edited by J. jun., I. M. Kortuorr, E. S. Pros 
-KAUER and A. WEISSBERGER. Pp. viii + 429, New York and London: Interscience 

ITRATION IN Non-Agugous SOLVENTS. By A. H. Beckett and E. H. TinteEy. Third Edition. 
‘ai Pp. iv + 56. Poole, Dorset: The British Drug Houses Ltd. 1960. Gratis Oo 
RADIOACTIVATION ANALYSIS: PROCEEDINGS OF THE RADIOACTIVATION ANALYSIS SYMPOSIUM 
IN, VIENNA, AusTRIA, JUNE, 1959. Scientific Editor: Bryan R. PAYNE. Pp. 141 

_ Symposium organised by the Joint Commission on Applied Radioactivity (I.C.S.U), 
International Atomic Energy Agency. Reprinted from Pure and Applied Chemistry, 
FUR DAS Band I. DIE UNTERSUCHUNG DER NICHT 
4 METALLISCHEN STOFFE.— Edited by the Chemikerausschuss des Vereins Deutscher Eisen- 
hiittenleute. 1960. Price DM 43. 
Gas CHRomATOGRAPHY "1960. ‘Edited | by nn. W. Scott. Pp. xviii 466. London: Butter- 
a —_ of the third symposium organised by i the ‘Society for Analytical Chemistry and 
the Gas Chromatography Discussion Group of the Hydrocarbon Research Group of the 
Institute of Petvolowme, hi held at The Assembly | Rooms, Edinburgh, ‘8-10th June, 1960. 
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REPRINTS of the f following papers published in The Analyst are now ovidiohle from the 
Assistant Secretary, The Society for Analytical Chemistry, 14 Belgrave Square, London,§- 
& W.1 (not through Trade Agents). Orders must be accompanied by a remittance for the 


en mittee of the Pharmaceutical Society and the Seadete for Analytical Chemistry. 
“Assay of Rauwolfia” (October, 1960). Bigs (members of the one for Analytical 

Chemistry) Is. 6d. -members) 2s. 6d. 


“The Oxygen Flask “Method, ” by M. G. Macdonald (this issue; available shortly) 
Price 5s. 
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